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PREFACE 

Investigations mudc during the past decade ha^■c brouglit forth a 
discovery of the utmost importance to the well-being of mankind. 
And the discovery is this: In the foods we eat or should eat there 
are present very small amounte of certain life-giving and diseaae- 
ptevoiting bodkB, the oonaumption of which » anential to growth 
and good health. Such bodka are eatted vitamina. 

Before the day when the import of vitamina came to be reoogniied 
we were well aatiafied to believe that an adequate aupply of protein, 
fat^ carbohydratoy nunend aalta and water met our food requizemenfca 
fuUy. Food charta were widely diaseminated which made it appar- 
ent that the heat unita of food, the ** ealoiiea " available, were the 
cflBCPtial faetora in the control of a diet or ration. Women'a duba 
and other organiiationa were addressed on this score so often and 
emphatically that many a conscientious housewife kept scales in the 
kitchen to weigh protein, fat and carbohydrates and thereby com- 
pute the daily distribution and consumption of calories. 

The common belief of past years, when the calorie or energy value 
of a diet was the theme, has since been modified. FupI values are 
as important of con=5idcrat:on at the present time ns they were in, 
earlier years, but it is now well eBt:il)lished that in addition to tlie 
body-building and fuel components of foodstuffs, namely, the pro- 
tein, fat and carbohydrates and also salts and wat^r, we should con- 
simie the accessor;,' food substance^ or factors known as vitamins. 
That substances playmg so vital a role in nutrition should until a 
decade ago have escaped discovery is surprising, so much so, m fact, 
that much incredulity was provoked over the announcement. The 
brilliant but necessarily laborious researches of investigators in this 
country supported by original as well as confirmatory work in 
England and elsewhere have largely overccnua this acepticiam, much 
of which apparently emanated from Germaoisr, and have served to 
make the decade a nunramental one in the dietary field. These reve- 
lationa have made the queatlon of what to eat an even more necessary 
matter of " foDd for thooc^it." With foodstuffa constantly iiMveasing 
in cost many are disposed to r^lace one food by another cheaper 
COS on a calorie basis. This cannot be done wttii impunity. An 
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imderstanding of the vitamin requirements of the human organism 
and of the occurrence of vitamins in edible products as well as the 
effect of cooking operations ou such food factors is needful. 

The pronounced differences existing in various proteins due to their 
varying content of amino acids is no less a vital consideration. The 
effeote of amino aeids and the potency of vitamliis has become the 
Bubjeet of constant research by a rapidly expanding group of inveeti- 
gatora and infonnation ia accumulating at a Mnprinng rate concern- 
ing the evaluation of foods from new vantage jtointB. 

This volume is offered in the endeavor to supply such information 
in a readily accessible fonn. It aims to furnish all essential facte 
regsiding vitamins and to bring together the literature on the sub- 
}ect> thus to supply not only a tea[tbook, but also a reference volume 
of a thoroughly comprehensive nature on these special but bi|^y 
important phases of the nutrition problem. 

The usage of the term vitamin seemingily needs no apology. 
Criticisms directed towards those workers in the field who have 
elaborated its fundamentals have made writers cautious in regard 
to t^^rminolofin,''. At present there is little or no knowledge of the 
actual ( lieinical nature of vitfimins but the study of their functions 
has made most convincmt^ {^rogrP'^H. Owinp^ this feeling of ecien- 
tific caution, vitamins often have been referred to in very general 
terms such as " accessory food factors" and their specific forms as 
fat-soluble A, water-soluble B and the like. 

In the light of our present knowledge of vitamins nnd amino acids, 
and the noteworthy advances occurring in thid domum, tiie sup- 
porters of vegetarianism possibly may find cause for reflection over 
some of their more exkeme theories. A lowering of body tone and 
subsequent occurrsnce of sy mptoms of gravo disease may be caused 
by a lade of vitamins m a diet employed over a series of yeara. 
Hie effects are in a way cumulative. The value of the all-vegetable 
over the normal diet requires oont6nq|)lati<m anew from the vitamin 
standpoint. In the following pages these and many other features 
axe discussed briefly or expansively according as our present knowl- 
edge enables thdr consideration. 

Physicians who have been charging many of our ills to presence 
of toxins may have to retract the charges in some cases. It is becom- 
ing known that a number of maladies are caused, not by the presence 
of but by the absence of vitamins. Such knowledge of " de- 

ficiency diseases" may lead to substantial changes in medical 
practice. 

The authors have endeavored to make certain portions of the text 
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ol a eharacter which would likewise furnish the general reader irith 
a knowledge of the practical side of vitamins including the different 
lequirenimta by children and adults of these food factofSy and if the 
volume be commended for simplicity of ejqxmtiaD as well as oonipra* 

hensivene?s, fhe authors will be gratified. 

Our thanks are due to the Connecticut Agricultural Experiment 
Station, the Journal of Biological Chemistry, Professor E. V. Mc- 
Collum, Professor J. F. McClendon, Dr. A. D. Emmett and associates, 
Professor H. Steenbock and associates for permission to use illustra- 
tions and charts relating to investigations on vitamins, and to Mr. B. 
Dass for various suggestions and lor assistance in the reading of proof. 

Ellis Labokatosxbb, ClBUflON Slejb 

118 Onmnmo Ava, Umtaum, K. J. 

ITiMtt Onwi^ FbpoHKOMi^ N. T. Annie Louise Macl£x:}o 
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niTRODUCTION 

ELEMENTARY PRINCIPLES OF NUTRITION 

The analogy between the animal body and a machine has been 
pointed out so often that it is ahnost a platitude, nevertheless it is 
particularly apt. Like a macliine, the body must be provided with 
fuel, which it converts mto heat and mechanical energy. Like a 
nmctiine, the efficiency of the body depends largely upon the char- 
acter and quantity of the fuel supplied. If the fuel is scanty there 
is loss of power; if it is piled on recklessly the sybtem becomes choked 
with unbunied material and waste products. As with machines, 
thflve Is a masdmnm efficiency for each kidivkiiial which can be ae- 
cured only by careful and inteUig^ni manapment, but too often, for 
want of management! the body, like the machine, is running bdow 
par. 

For the nourishment of an animal there are six different daases of 
materials required, which are frequently spoken of as foodstuffs, 
these are fats, carbohydrates, proteinB, water, mineral salts, and 

vitnmins; ti e first three making up what are known as the organic 
foodstuffs. The great Yaiiety of edible materials are usually mix- 
tures of these, generally containing ail six in varying proportions. 
Each foodstuff hns its special function in nutrition, and although the 
relative amounts of each can be varied very considerably without 
ill-effect, a well-balanced diet must ( out a in all six. 

Water, while not a food in the sen^e of being a source of nutriment 
in itself, is nevertheless mo-t essential to the organism, as is proved 
by the fact that most starvmg animals die much more quickly if 
deprived of wat-er than when water is obtainuble. Water is required 
to dissolve the solid foods so that they can be absorbed by the tissues 
and carried from place to place by the blood, and also to dissolve and 
cany off waste products from the tissues. Since water is continually 
being eliminated from the body in the urine and the perspiration it 
is necessary to replace the loss. Many of our foods, especially fruits 
and vegetables, contain a large proportion of water, but in the or^ 
dtnaty diet additional amounts must be obtuned by drinking water. 
Dr. Hawk and bis eollaboraton at Jefferson Medical CoUefe have 

b 
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conducted a long series of experiments from which it would appear 
that copious water-drinking to the extent of a quart or more with 
each meal has many beneficial features. In one subject such pro- 
cedure resulted in a gain of two pounds in five days. 

The minerals of the diet are necessary for the building and repair 
of the bony structure of liie body, and also serve in less obvious ways 
to maintain the proper concentration of the body fluids and the tone 
of the cells. Moreover, cotain mineral elements enter into the oom- 
poflstion of the body subetanee, as iron, which fonns a part of the 
haemoglobin of the blood, and others have specific rIAes, like calcium 
which plays an important part in regulating the beating of the heart, 
and sodium which exercises a profound influence on the irritability of 
the muscles. Fruits, vegetables, and milk are all excellent sources 
of minoal matter in the diet. 

The organic foodstuffs, fats, carbohydrates, and proteins, are all 
. complfiK chemical compounds which must be broken down by the 
process of digestion before they can be utilized by the system. 

Fats arc broken down in the intestine into fatty acids and glycerine, 
which are absorbed through the intestinal wall and apparently re- 
combined into the particular body fat cli imcteristic of the species 
of animal utilizing it. This fat can be stored up in the tissues until 
needed by the organism as a source of energy. 

Carbohydrates include sugar, starch, and allied (ompounds. They 
also must be broken down by digestion into simple compovmds before 
absorption can take place, and these digestion products may be used 
at once as a source of energy, or built up into a new form of carbo- 
hydrate for storage, or converted into fat and stored in the tissues in 
that form. 

Proteins differ from the other foodstuffs in containing nitrogen In 
the only form in which this element can be utilised by the ammal 
body. The most diverse substances are protein in nature. The 
muscle tissues of all animals, white of egg, and the curd of milk are 
the principal animal proteins used as food. All vegetables and fruits 
contain more or less protein, but peas, beans, and nuts are the chief 
vegetable sources. Inasmuch as nitrogen is an essential part of 
animal tissues and the animal can obtain the necessary nitrogen only 
in the form of protein it is obvious that this class of foodstuffs is of 
peculiar import :^.nre. The relative proportions of fat and carbo- 
hydrate in the diet can be varied almost at 'v^'iH, since either one can 
be utilized as a source of energy or converted into reserve fat, but 
there \^ fi minimum amount of protein necessary for every organism 
without which the necessary nitrogen for tissue building or repair will 
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be lacking. If excess of protein above the requirement is eaten a 
email portion may be converted into fat, but most of it is decompustKi 
and excreted as waste. 

Proteins are combinations of smaller miits known as amino-acids. 
Mankind requires a certain amount of specific amino acids for proper 
nouriflhmeni Hie vuiims pfoteins have been found to poeaefla dif* 
ferent biological values acoocding to their power to supply these con- 
structive food elements essential to the maintenaooe of the body in 
proper nHrogeoous equilibrium. There are eighteen prineipal amino 
acids, and a few more of lesser Importance. The principal amino 
acids make a formidable list. These are glycine, alanine, valine^ 
leucine, isoleucine, phenylalanine, tyrosine, serine, cystine, aspartic 
acid, glutamic acid, ornithine, arginine, lysine, histidine, proline, 
oxyproline, tryptophane. 

Amino acids are combined in different proportions to form the 
enormous variety of proteins, somewhat as the twenty-six letters of 
the alphabet are combined into an almost unlimited number of words. 
The specific character of the individual proteins is due to the relative 
proportions in whicli the amino acids are present. In the course of 
digestion the proUms are decomposed into amino acids, are absorbed 
in Uiat form and are carried by the blood to the various tissues, which 
select what they need for building and repair. The residue is then 
carried to the liver, decomposed there, and the waste excreted. 

Careful observations have shown that the nutritive value of a pro- 
tein depends on its content of amino acids, and since this has become 
established, enormous strides have been made in the science of nutri- 
tion, for H is possible to find out by experiment which proteins pro- 
vide the best combination of amino acids for a given species of ani- 
mals and how to supplement one inotein which is poor in a certain 
amino acid by another in which it is present in excess. (See' Chap. III.) 

The energy of the body is supplied by the slow burning (oxidation) 
of the food. If the food supply is insufficient^ the tissues will be used 
up instead. This energy appears partly as muscular force, and partly 
as heat. The more work done by the muscles, the more ener^ is 
required and the more food must be burned. It has been found that 
the energ>' set free when food is burned inside the body is exactly the 
same as that set free when it burned outside the body, and conse- 
quently the energ>'-value of a food can be measured by burnint^ it in 
a special form of apparatus, the calorimeter. The unit of energy 
used in nutrition is the caloric, and is the amount of heat which would 
be required to heat one pound of water about 4° F., or the equivalent 
of this. The calorific value of a ^ven amount of a particular food 
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is the number of units of energy which it will set free when it is 
lyoroed. 

It 18 also poeuble to meaaure the energy used up in performing any 
kind of muscular work and to eipreeB tl^ In oalorieB. Hie relation 
between the energy output of the body and the available energy from 
the food eaten can therefore be readily calculated. Clearly, if an 
animal performs a pieee of work which requires one hundred calories 
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Fia. 1. — Thii rhnrt «hoivs that butter-fat contains 8ometbing essential 
for normal growth. The curves indicate that after feeding a diet of pun- 
lied foodghiffi, the fet braog lard* the uninmlii after grmriiig nomuUy for 
■everal weeks suddenly began to lose weight. When a part of the lard was 

replaced by buttnr-fat (shown by the beaded line), they immrdiatrlv re- 
covered. These animals would have died in a few days if thia change had 
not been made. 

Courteqr of the Oooneekieitt Agrioultuial BipMmMiit Station (BulleCtn 
2U). 

of energy it will require to consume an amount of food which will 
supply one hundred calories or else it must use up a portion of its 
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own tissues to make good tlic deficit. Even when no voluntary work 
is being done and tJhe body resting as completely as [Mssible, energy 
is being used in the biatmg of the heart, the movements of tlie 
stomach and intestine?, the rise and fall of the chest in respirations, 
and so on. This irreducible iDinimum of energy is called the basal 
metabolism of tlie individual and varies somewhat with the body 
wei^t, surface, age and sex. A vast number of measurements have 
been made on hvaom beings of various ages and averages for different 
types have been aaeertained, which may lafely be taken as doae 
enough to the aetual baeal metaboUem of any given individual. By 
keeping account of the time spent in various aetivities in the oounM 
of twenty-four hours, calculating the energy required for each, and 
adding the values thus obtained to Hut basal metaboysm, a measure 
of the daily energy requirement of the individual can be found. From 
this observation the amount of food required to supply that energy 
can be determined* A slight excess over and above this demand will 
be required by adults to provide for the repair of the tissue^ and a 
larger allowance is needful for the growth of the young. 
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VITAL FACTORS OF FOODS 



CHAPTER I 
VrrAMDrS,— WHAT THBT ARB ASD WHAT TEST DO 

The problem of adequate and economical nutritkm — admittedly 
a problem of primary importance to mankind in general — may per- 
haps be said to bave developed into an experimental eoience at the 

beginning of the 17th century, when Sanctoriua ^ endeavored to keep 
himself at normal weight by hpiving a huge pair of scales made with a 
chair suspended from one arm mmcI counterpoised by the opposite 
scale pan. Distrusting tiie guidance of instinct or a{)])etite, it was 
hia custom to arrange a definite weight on the pan each day, seat him- 
self in the chair and eat until the scale dipped. Althougli history 
relates little as to the progress of tliis experiment it is safe to con- 
clude that the philosopher had some eurprises in the course of it, 
and it is not strange that he did not advance very far towards a solu- 
tion of the fundamental question of nutritional economy. Sanctoriua 
died, and was forgotten or only remembered with a smile, but a 
later and wiser generation fell into a somewiial similar ennr. 

Following the discovery of the relation between the quantity of 
heat given off when an orgsmc food staff was buined in a ealorimetor 
and the energy finnished by the slow ooddation of that same food 
staff in the animal organismi came the development of the eakrie 
theory. It seemed eo logical and so sunple (once the meebanical 
diiBeuIties had been surmounted) to calculate the amoimt of energy 
used iqt by a living animal in the course of twenty-four hours, and 
then to provide an amount of food which would furnish just that 
much energy, due allowance being made for unavoidable waste 
through lack of assimilation, for the essential protein for repair of 
the tifSTicp, and for pjowth in the case of the young. Sureh' the 
height of efficiency was within reach. The provisioning of a family 
became a matter of simple arithmetic, so mn.ny ounces, so many 
calories. The calorie was a popular catchword, and the conscientious 
housekeeper weighed and measured and counted calories till her brow 

1 medlcixm state aphonni, Vmuos, lOli, TiMMlated by John Qniiicart 
M. Loadom, 1737. 

1 



Digrtized by Google 



2 



VITAL FACTORS OF FOODS 



was furrowed with rare, \vGndering vainly meanwhile where the energy 
went in when John ate 1500 calories more than the most generous 
accounting could possibly allow him. Battles raged round the caloric. 
Should we try to "train dowi" to our rightful allowance or sliould 
we forget calories bo far as our purses would allow us? What was 
the irreducible mmimum in calories? How many of them must come 
from protein? How many might come from protein? Did it make 
any difference whether it was animal or vegetable protein and why? 
Bold spirits asserted firmly that we should follow our "God*g|iV8& 
hutincts," and pointed to mtasy a hale and hearty don^invsnt of ripe 
age. Instances were multiplied of people who were saved from untold 
miseries by decreasing thdr calories, by increasing their calories, by 
a hi|^ protdn diet, by a low protdn dieL The observant ad- 
vertiser took up the cry and our attention was called to the fact that 
for an insignificant sum we could buy sufficient calories of cereal food 
to maintain us for a day, a week, or a month, while the same sum 
expended for the more appetiring steak would hardly provide suffi- 
cient energy for an hour. 

But logical as this reasoning was, convincing as were the indis- 
putable figures brought as proof, feeding by calories alone proved un- 
satisfactory. The first amd most obvioiis cause of fhh lay in the 
qualitative diffprences wliif h were shown to exist between tiilTerent 
proteins. Protems are composed of the imits known as amino acids, 
but they differ in the proportions of the various amino acids present 
in the combination. Certain of these acids are more essential for the 
living animal than are the others, and it a given protein is poor in 
these essentials it will prove an imsatisfactory food as compared with 
others in which they are more abundant. In the second place, it was 
found that certain foods, although they contained all the necessary 
organic constituents and provided more than sufficient calories never- 
theless failed to nourish an ai^mal because they did not oontain the 
inorganic salts required by the syetem. Careful experimentation 
showed how this lack could be remectied, but still the problem of 
nntritioii was not solved. 

BegMming with Lnnln in 1881 various investigators endeavored to 
keep experimental animals alive on "synthetic diets,'' combinations 
of pure food substances put together in the proper proportions to re- 
produce as far as possible natural foods which were known to be 
adequate. One after the other reported failure. Lunin found that 
while adult mice could be kept alive for sc^'cral months on a diet 
of milk alone they invariably died in leas than one month if restricted 



Digrtized by Google 



VITAMINS— WHAT THEY ARE AND WHAT THEY DO 8 



to a miztm of water, milk protein, milk fat, milk sugar, and the ash 
of milk In which all ita korganic €oiifltitiiaitB were pnaantf fnm 
which he oonduded that there must be some indispenaable Bubataace 
in milk apart from the ordinarily recognlied oonatitiiente. Other 
inveatigaUna made almilar diaooveriee. In England Hopkina fed 
yomig rata on a mazture of purified foodatuffa and found that If the 
purification waa carried out with aofficient care the rata failed to 
grow, but that the addition of an extraordinarily amall amount of 
milk apparently provided the miaaing ingredient and normal growth 
took place. In America, Osborne and Mendel observed that young ' 
rats fed on a diet of protein, starch, lard, and a solution containing 
the mineral salts of milk would grow for a short time but invariably 
began to fail before reaching normal size. So slight a change as the 
substitution of butter for lard caused resumption of normal yirowth 
and the licalth of the animal improved. McColiiun and Davis found 
that tlie missing food substHoee could be obtained from tlic ether 
extract of eggs or butter, whereas lard and olive oil, although so 
similar in chemical nature to the latter, were v ^ilueless in this respect. 
« Meantime Funk had been studying the disease known as beriberi. 
The symptoms characteristic of this disease could be produced m 
pigeons by feeding them on a diet of polished rice, and Funk found 
that birda which were at the point of death from thia cause were 
cured with aaUmiahing rapidity by a little of the alcohoUe extract of 
the rice bulla. Punk aaaiuned that the diaeaae waa due to the abaenee 
of acme esaential constituent which waa preaent in the outer layer of 
the rice grain and waa removed in the procesa of milling. To thia 
aubatance, the nature of which waa ut^cnown, he gave the name 
vUamme, a name which haa been severely criticised as misleading, 
but which haa nevertheless foimd a permanent place in the literature. 
Hie general reaemblance betwen the substance of which a amall 
amount prevented or cured beriberi and the substance of which a 
small amount seemed necessary to promote growth, led to the term 
vUamine being used for both, and finally this term came to signify 
a certain class of unidentified factors present in very small amounts 
in natural foods but essential for growth and well being of the animal 
organism* 

Since the t^jrm amine has a certain definite significance in organic 
chemistry, which is not intended to apply in vitamine, Hopkins has 
suggested the term "accessory food substances" instead, a usage which 
is followed by many English writers. McCollum objecU to this 
terminology however on the ground that "accessory" has a connota- 
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tion of ''diflpeneable" while the subetanoes referrad to are enentials, 
and made the BUggeatioii'that the growth-promoting Babetance preeent 
in butter-fat should be designated "fat-soluble A," and the anti-beri- 
beri substance "water-sohihle B** because of their respective solubili- ^ 
ties in fata and in water reflectively. A new term "advitants" baa 
recently been introduced aa a substitute for "vitaminea/' but it re- 
mains to be seen whether or not it will find general acceptance.' In 
the present work the nomenclatiu:e adopted is that suggested by 
Drummond," according to which the final "e" of vitamine is 
dropped,'* thus avoiding the objectionable "amine" termination, while 
retaining a name that has become familiar tlircuti;h long usage." The 
different classes of vitamins are distinguished as A, B, and C. 

A third member has been added to the vitamin cla??, the "C" or 
scurvy-preventing vitamin, winch is the substance long kno^Ti to be 
present in lemon-juice and which acts as a preventive or cure for 
bcurvy. Whether or not we shall ultimately recognize the existence 
of still other vitamins cannot at present be confidently predicted. 
Hiere is already certahi evidenoe iidiich would seem to indicate the 
poeaibility of two distinct anbstaneea at present classed together aa 
"vitamui B/' one of which funotiona aa a beriberi preventive while 
the other ia of importance in growthy but so far the evidence is in^ 
oonduaive. Hiia question will however be dealt with in more detail 
in a later chapter. 

It may be asked, how can the existence of a whole class of sub- 
stances of fundamental importance in the nutrition not only of man 
but of all animals have so long escaped observation? The explana- 
tion is based partly on the wide diatribution of tho vitamina m natural 
foods and partly on the minute quantities required to maintain an 
animal in at l^aat comparatively good health. Under ordinary con- 
ations, even on what would be considered a most restricted diet, 
traces of vitamins are always present and these traces are suflBcicnt to 
prevent obvious disease, although it is probable that many cases of 
abnormality, debility, nnd general lack of tone, if not actual disease, 
will be found attributable to lark of sufficient vitamins in the diet. 
It is only when a food has been so treated as to remove or destroy 

a J. Chem. 800. IM), iz7» 1901. 

9 Drununond» Bioch. J. 14,660, 1830. 

'a Funk (loos not endorse Dnunmond's proposal to drop the final ''e" in 
the term " vitaiuinp." f .J Ind. En«?. Chem. 1921, 1110.) 

*^ The word vitamm ixua been pronoimoed ia a variety of ways, the approved 
prauinoUtum hemg vy'-tMneeo. 
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the \'itamin8 naturally present that the results become so evident as 
to force themselves upon the attention. By an unfortunate perversity 
the present day manufacturer not infrequently endeavors to make his 
products more attractive by processes which seriously reduce the 
vitamin content, and hence the nutritive value, as in the treatment of 
cereals wlien the vitamin-rich germ and cortex are removed, or in the 
overheutiiig of foods when drying for the purpose of preservation. 
A striking illustration of the result of this is seen among the rice- 
eating people of the Orient where beriberi followed the introduction 
of modem milling machinery by which the germ and "silverakm" 
of the rice grain, and in these the yfboh amonnt of vitamin B, ia 
removed. In the West the food is more varied, and it ia unlii^ 
that aiqr diet would not contain a certain amoimt of all three vitanuna; 
leather the amomit la alwasra adequate ia however open to aerioua 
queetion. 

A aecond reason why the vitamina escaped detection so long ia 
because their absence is indicated only by a subnormal condition 
which may usually be ascribed to other causes. Ordinarily, lack 
of vitamin will be accompanied by other unfavorable conditions; 
moreover the morbid state of the organs which resulted from vitamin 
deficiency might easily be regarded aa the causOi instead of merely one 
of the symptoms of malmifntion. 

Fmally, there is the wide-spread tendency to look for a positive 
rather than a negative cause of disease ; for the presence of an actively 
injuriotis substance rather than the absence of an essential nutritious 
element. It was only when carefully conducted feeding experiments 
were carried out with healthy animals kept under ideal conditions in 
every respect save the one under investigation, that failure of health 
could be traced to its tiue source. 

How the vitamhia act, what part they play in the life process, we 
cannot say definitely. When we have described their general functions 
«growth*promoting, beriberit- and scurvy-preventing — and their 
distribution, and have emphasised their indispensability, we have 
8ai4 almost all that we know positively. Small, even minute amounts 
are soipristai^y effective, a fact which suggesta that they are of 
the nature of catalysts, agents which have the power of brmg- 
ing about extensive chemical change without being themselves 
altered in the process. Practically all of the complex reactions 
in the living cell are believed to be brought about by the catalytic 
action of the enzymes present in the cell, and it would not be difficult 
to imagpne an essential rdle for certain catalysts which do not sodst 
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pre-formed in the organism but must be obtained from tlie food. On 
the other hand, the degenerative chfingc in the viitd organs, par- 
ticularly the ductless glands, would suggest the possibility of an inti- 
mate connection between the vitamins and the internal secretions. 
They may be hormones, that is, stimulants in the absence of which 
the glands fail to produce the normal secretion, or possibly they may 
be essential though almost infinitesimal constituents of certain tissues, 
which camiot be synthesized in the animal body, and without which 
thofle tissues cannot develop. 

fiueh flvidmoe u we Jiave on tbese points will be gjivm In s kter 
ehapter. 

Historical 

As indicated in the foregoing, the discovery of vitamins as essentials 
in the diet of animals followed from attempts to maintain f^niTfiRli^ on 
restricted diets of synthetic food mixtures. 

Lunin/ in 1881 compared the growth of mice fed on milk with 
those on a diet made up of milk sugar, milk fat, milk protein, and the 
mineral constituents of milk, and found that while adult mice could 
live in apparently good health for several months on tlie milk diet 
they invariably died within one month on the synthetic mixture. He 
drawn the conclusion that ''other aufafltanees Indispensable for nutri- 
tion must be pnmi in milk besides easeinogen, fat, laotosOi and 
salts/' but this sapient remark was practically ignored for over 
thirty yean. 

Henriquea and Haaacn ' endeavoied to maintain white rats on iso- 
lated proteins with the addition of sugar, lard, oeUulose, and inorganic 
salts, and noted a gradual loss of body weight in each case. 

Hopkins* studied the nutritive value of piu*ified proteins supple- 
mented by carbohydrates, fate, and mineral salts, and found that 
neither growth nor maintenance of weight could be secured on these 
diets. He writes in 1906 (I. c) : 

It is probable that our eoaeqittioD of stimulataig mibsUuMes nuiy have to 

be extended. The original vague conception of such subjects being condiments, 
chiefly affecting taste, gained in definiteness by the work of the Pavlov School. 
But the place of specific diet^-constituents which stunulate the gastric secretoiy 
can be talnni by the prodnets of digMtion itidf, and in this 

* Ztechr. f. physiol. Ch. 1881, s, 31. 

• Ztachr. f. physiol. Ch. 1901^, 43. 417, lOOS, 54> Henriquei, Ibid. 1909, 
99, 106. 

« Willcock and HopUai, J. Fhyaol, 1008^ S5* 88* Hopkins, Aulyrt, l«6k 
SI, 386. 
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connection the stimulant in the diet is by no meana indispensable. Most ob- 
servers agree that the addition to normal dietaries, of meat extracts capable of 
stimulating the gastric flow docs not increase tbe actual afaoorption of food, 
though thu point eould be prapedy taM by Adding them to artifiekl dietaiy 
known to be free from analogoue nifaeteiMee. Aa mt emphasised above, the 
milk did not affect ah?nrptton in my experiments. But such undoubted stimu- 
latmg effects due to diet constituents as those discovered by Pavlov may quite 
poaibly be paralleled elsewhere in the body on more specific and indispensable 
Imee. StimniatioM of the internal aeeratione of the thyroid and pitultaiy i^anda 
iHudk are bdieved on very suggestive evidence to play an important part 
in growth pror^^gscf, chh be legitimately thought of. On tlic other hfind the 
influence upon growing tissues may be direct. If the attachment ot such mdia- 
pcnnUe ftmetions to «peeifie aoeeaaory ooiutituenta of dieta ia f oveign to eunent 
viene upon nutrition, ao alao is the experimental faet that young animals maj 
fail to grow when they are absorbing daily a auflkieaigr of fotmnttvo material 
and energy for the purpose of growth. 

rata and Noeggerath* fed rats on various purified protons, 
starch, sugar, and fat, with the addition of salts, water, and in soma 
oases lecithin, cholesterol, and sodium nucleate, all obtained as pure 
as possible. In most cases there was a steady decline in weight 
throughout the experimental period, followed by death, althou^ 
occasionally the body weifi;ht was maintained fairly well for the first 
few weeks. In no cape did they succeed in keeping the juiirnuls alive 
mow tfian 94 dnys, and usually death ensued in shorter time. On the 
other iiancl thry were able to keep rats in healUi on milk alone lor 
periods of slx months or more. 

Jacob * used pure starch, olive oil, casein, sugar, salts, and cellulose 
as a diet for pigeons and rats, and concluded that the lack of success 
in this and similar experiments was partly due to the uusatisfactory 
physical character of the diet and, probably, partly to the dif&culty of 
inducing the animals to eat sufficient of a food which was unpalatable. 
McCoUnm* notsd the same difficulty In feedmg rats on eomplex 
artificial mixtures of purified foodstuifs, and attempted to overcome it 
by frequent changes in the combinations of foodstuffs used and by 
addition of flavors. He ooncluded that palatability is a most impor- 
tant factor in animal nutrition, and that the f aihire of previous efforts 
to maintaiii animals on mixtures of teolated foodstuffs was due to lack 
of palatability. Althoui^ he was successful ui keefnng his animals 
alive for comparatively long periods they failed to maintain their 
wdgbts. In this connection Osborne and Mendel have pointed out 
the difficulty of deciding whether the failing i^petite invariably ob- 
served is a cause or result of imperfect nutrition. 

T Hofmeitter's Beitr. Z. Chem. Physiol. 1905. 7* 320. 

• StMfar. f. BioL ItOe. 48, 1». •Am. J. FlqrsioL 190B, s$, UO. 
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That a monotonous and unaccustomed food may be used success- 
fully over long periods of time without lil-cilects was proved by 
the experiments of Palta and Noeggerath already referred to, in 
which rate were midirtaiiied waoomttjSfy for ehc nunithB at more on 
monotonous diets of milk, milk powder or lean horsemeat; Socin,^* 
who kept mice in good health for 90 days on egg-yolk, starch, and 
cellulose, and by many other experimenters.^ 

In the light of our present knowledge many of these early eoqperi- 
mental diets were obviously lacking in amino acid or mineral content 
or both, nor were the conditions ideal in other respects, nevertheless 
the multiplication of evidence seemed to point to an inexplicable 
difference between natural foods and the synthetic mixtures designed 
to be qualitatively and quantitatively equivalent to them. Roh^ 
mann^* indeed claimed to have kept mice indefinitely and secured 
reproduction on food mixtures made up of purified components, but 
there is rea'^nn to 1)pHcvc that his siirresfi was due to the fact that the 
food subst^inn s 11 ed stiU contained the essential coostituentB in no 
inconsiderable amount. 

In 1909 Stepp " began a series of experiments to determine whether 
animals are dependent on their food supply for lipoids or can furnish 
them by synthesis. He fed raateri^ds extracted with ether and al- 
cohol to mice and not^jd that without exception the mice succumbed 
in a few weeks when fed otherwise adequate food mixtures that had 
been thoroughly extracted. When the extracted material was replaced 
the food was rendered suffident for maintenance. The lacking sub- 
stance was assumed not to be inorganic since the addition of ash from 
the lipoid extracts failed to maintain the mice. Stepp concluded 
that the essential factors were not fats, since addition to the extracted 
food of butter, tripalmitin, tristearin, triolein, ledthin, and cholesterol 
in turn was without effect. Tlie misring substance could however 
be extracted from skimmed milk. 

In 1911 Osborne and Mendel** published an account of an elabo- 
rate series of feeding experiments on rats, with isolated food substances, 
designed to compare the nutritive value of various proteins, using as 
a basal diet, starch, sugar, lard, agar (as roughage), and a mixture 
of inorganic salts. Among the many valuable points brought out in 

20 Ztschr. f. physiol. Ch. 1891, 1, 15, 03. 

^2 A more oomplete account of the early nutrition e3q;>eriment8 is given by 
KcCellflni, Am. J. Fliywil. 98, 190. 

» Alkg. Med. Cent. Zeit. 1003, No. 1. 1008. No. 0. 

i« Bioch. Ztschr. 1900, sa, 45a; Ztflohr. f. Bid. 1912, $7, 135, 1912-13, S9» SGft. 
Carnegie Pub. 156, PU. 1 A 2. 
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their monograph was the fact that even when tins diet was supple- 
mented by a suflicient amount of protein and consumed in amounts 
which fulfilled the energ>' requirements of the animals it neverthe- 
less invariably failed either to induce substantial growth in young 
rats or to satisfy completely the maintenance requirements of older 
ones over long periods of time. Having observed that rats could be 
grown from an early age and even resuscitated after nutritive decline 




Fig. 2. — The pioture (A) shows a rat which had been fed for 
one month on a diet deficient in water-.«ohible vitamin. At this 
time the animal was so weak it was scarcely able to .•«tand and would 
have died in a few hours if some .source of this vitamin had not 
been furnished. After the jticture was taken a small daily dose of 
yeast which is rich in the water-.«oluble vitamin was jciven to the rat, 
the foo<i remaining otherwii^e exactly !is liefore. Twelve days later 
the picture (B) was taken. The result is apparent. 

Courtesy of the Connecticut Agricultural F^xperimcnt Station 
(Bulletin 21o). 

by a diet of milk powder mixed with lard and starch, they 
were led to suspect that the esi*ential factor or factors might be found 
in the protein-free portion of the milk, and accordingly milk which had 
been freed from fat, protein, and water, was used to replace the 
inorganic salt mixture and part of the carbohydrate in the basal 
ration, with results which were surprisingly successful. When 28.2% 
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of this '^protein-free milk" powder was incorporated in the diet not 
only was satisfactory growth obtained in the case of young animals, 
but recovery was promptly manifested in practically every case of 
nutritive decline due to unsatisfactory food. 

Somewhat similar results were obtained by Hopkins in continuance 
of his earlier work and published by him in 1912." Using an artificial 
diet similar to that of Osborne and Mendel, consisting of casein, fat, 
starch, sugar, and inorganic salts, which were prepared by mixing 
equal parts of the ash of oats and dog biscuits, Hopkins added milk 
itself, but this was given in such small quantity that the total solids 
contained in it amounted to no more than from one to three or ffuir 
per cent of the whole food eaten. This small addition induced normal 
growth upon dietaries which witliout it were incapable even of main- 
tenance. In those experiments in which the basal diet contained fully 
j)urified niaUrial the rats without milk soon failed to grow. When 
the constituents were less completely purified, as when the protein was 
a commercial preparation of casein, slow growth occurred. In uU 
cases the addition of small amounts of milk induced normal and con- 
tinued growth. A similar, but less pronounced effect was obtained 
with the protein-free and salt-free extracts of milk solids and of 
yeast. The total energy consumption of the animals under comparison 
was carefully determinedi and it could be shown that the rats upon 
the purer dietary ceased to grow at a tame when their intake was 
more than sufficient quantitatively to maintain normal growth. If 
growth continued (as upon the less pure basal dietary) it could be 
shown that the small milk addendum reduced the food consumption 
necessary for given weif^t increment to one half or less. The milk 
ration was fed separately and in advance of the administration of the 
main dietary. It could not therefore affect the palatability of the 
food or diminish its monotony. Tn general, moreover, it was found 
that cessation of growth upon tlie pure dietary took place before any 
failure in appetite, altlutugh the consumption might later fall to a 
lower level. Any effect of the addendum upon the appetite must 
tlicreiore have been secondary to a more direct effect upon growth 
processes. 

In a later publication Osborne and Mendel confirm their earlier 
results, but are still in doubt as to the cause. "Whether the deficiency 
of the purely artificial diet is to be attributed to improper proportions 
of its constituents, to improper combination of these constituents, or 
to the lack of Bame essential elment, is at present difficult to define." 

Hopkins, J. Physiol. 19112, 44, 423. 
>• J. Biol. Chem. 13. 233, 1912^13. 
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They claimed however that preliminary kman found that poultry 
a considerable degree of success in nutrition i which the symptoms 
hypothetical "hormone" which was assumed to fifegri, and finally 
milk. Rats were said to have been maintained in goo^M^ effected 
long as 400 days on a diet composed of a purified proteifi^ was 
sucrose, and a salt mixture of inorganic Balte in the proportional;^ 
which they are found in milk. 

This was disputed by Hopkins and Neville " who reported that 
when rats were fed on the experimental ration of Osborne and Men- 
del, composed of very carefully purified substances they were unable 
to obtain any appreciable growth, and the animals, in Bpite of a satis* 
factory consumption of food, were all dead before the expiration 
of 40 days. When as little as 2 cc. of milk per day was given in ad- 
vance of feeding with the Osborne and Mendel diet, steady growth 
resulted, although distinctly slower than in the earlier experiments 
of Hopkins. 

Osborne and Mendel^* subsequently admitted that the milk-free 
diet was less satisfactory than they had at first believed. "It is true 
that in several instances v'o hwvc succeeded in keeping grown rats 
in health and in apparent nutritive equilibrium on purely artificial 
food mixtures over periods far longer than the experience of our pre- 
decessors had led us to expect. But the outcome has never been satis- 
factory in the sen;?e of extending over what may be considered as 
the larger portion of the life span of an adult animal." Rats fed 
on purified protein, lard, i?tarch, and protein-free milk grew excellently 
for sixty to a hundred days, but sooner or later thereafter normal 
growth stopped. The animals remained at constant weight for a 
few days, or grew very slowly, and then suddenly declined and died 
unless a change was made in the diet. They prepared various mix- 
tures of salts designed to imitate as closely as possible those salts 
present in milk, and found that while under certain conditions there 
was very considerable growth, nevertheless in most cases this ceased 
sooner than that induced by the natural protein-free milk. 

The manifest superiority of natural milk foods over either "natural*' 
or "artificial protein-free milk," which had been demonstrated by 
Hopkins, having been thus confirmed by Osborne and Mendel, these 
investigators arrived at the conclusion that the essential factor must 
be associated with the cream which had been removed in the prepara- 
tion of the "protein-free milk." Wlien the lard which they had used 
as the fat component of the diet was replaced by butter-fat the result- 

Bioch. J. 7, 96, 1913. 
^0 J. BioL Cbem. 15, 311, 1913. 
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ing food was found to be as satisfactory for growth and maintenance, 
and also fcae the recovery of animalfl ivtioh had begun to decline as a 
result of unsuitable food, as was the natural milk food. 

Meantime, in a series of experiments carried on at Wisconsin Ex- 
perunent Station^* ICcCoUum and his collaborators had been study- 
ing nutrition problems, and had been led to attempt to nourish young 
rats on diets composed of purified proteins, carbohydrates, fats and 
mineral salts. They confiimed the results of the eaxUet investigators 
as to the impossibility of maintaining life on such diets. Animals so 
fed lived no longer than those which were left to fast. On the assump- 
tion that the failure was due to the lack of some dietary essential 
a systematic attempt was made to discover and identify the missing 
factor. A paper by McCoUum and Davis*® anticipated by a few 
days the publication of Osborne and Mendel to which reference has 
been made. These investigators found that while normal growth 
could be secured with rats on a diet of 18 per cent puri- 
fied casein, 20 per cent lactose, 5 per cent butter-fat, a 
salt mixture made up in imitation of the mineral content 
of iiiilk, and starch to make 100 per cent, no growth could 
be obtained if the butter-fat was replaced by lard, olive oil, or other 
vegetable oils. Ether extract of egg yolk was found to have the same 
stimulating effect as butter fat. They conclude: "The fact that a 
rat of 40 to 50 grams in w^ght can grow normally during three miHiths 
or more on such rations (i. e. those oontauiing neither butter-fat nor 
egg) then cease to grow but maintain its weight and a well^nourished 
appearance for wedcs, and then resume growth on a ration contain* 
ing certain naturally occurring foodstuffs would lead one to the 
belief that on these mixtures of purified food substances the animals 
run out of some organic complex which is indispensable for further 
growth but without which maintenance in a fairly good nutritive 
state is possible." 

The conception of a food constituent which is present in natural 
foods in amounts too small for chemicrd indentification but which is 
necessar>' for the jHwer\'ation of health had been arrived at from quite 
a diflferent starting point by anotlicr group of workers. The disea?;e of 
bnibcri, so common amonfj; the poor classes in the East, had })een 
shown by Eijkman in 1897 *^ to follow from a restricted diet of "pol- 
ished" or highly milled rice, whereas when the food consisted of 
home-milled rice, in which tlie germ and pericarj) is retained, 

Wise. Agric. Exp. Sta Res. Bull, No, 17, 1011. 
20 J. Biol. Chcm. 15, 167. l'J!3. 
*i Arch. f. path. Anat. 523, 149, 107. 
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there is no trouble from the disease. Eijkman found that poultry 
fed on polished rice developed a polyneuritis in which the eymptoms 
were very similar to those observed in human beriberi, and finally 
died if the diet was continued, but tliat a prompt cure could be effected 
by lecdmg the rice-poliohiiigs. He suggesLtid that some substance was 
removed in the polishings which was necessary to overcome the in- 
jurious effect of a hannf ul factor in the diet. Fraser and Stanton " 
eoneluded that the diasaae was due to a Uusk of some sobstaiiee of hig|i 
physiological importaaoei the preeenoe of which is essential to the 
maintenance of health. Scurvy was another disease which was reeog- 
niaed as due to a deficient diet,, and a vary eonaderable amount of 
literature was in existence dealing with the remarkable preventive 
and curative power of fresh fruits and vegetables as compared widi 
preserved foods.** 

To the curative substance which be isolated from the rice-polishings 
Punk ■* gave the name of " vitamine " in 1912| and at the same time 
foimnlaied the hypothesis that the failure to promote normal growth 
in ycymg animals by proteins containing sufficient amino acids to 
maintf^in adult animals in nitrogen equilibrium, is due to a deficiency 
in vitamins. A deficiency in vitamins produces also a pre- 
disposition to ijKiTiy other diTnses, nmnng which is rickets. 

Osborne and Mendel venhed and extended their earlier re- 
searciies ou the growth-promoting properties of butter and demon- 
strated very conclusively that the essential fnctor was concentrated 
in the fat. They confirm McCollum and Davis' observation aa to 
the efl5ciency of egt^-yolk m promoting growth, and mentioned that 
all fats are not ahke m this respect. While recognizmg the importance 
of Funk's work they were hesitant at that time about accepting his 
hypotheris. '^t is slill rather early to gensraliie on the lOle of 
accesBOiy 'vitamins' wiien the ideal conditions in rsspeet to the f amil* 
iar fundamental nutrients and inorganic salts adequate for prolonged 
maintenance are not completely solved. Speculation is quite justi- 
fiable in so far as it duects attention to a new phase that needs to be 
taken into aoeount." Funk has expressed the belief that the sab* 
stance which promotes growth and must be present in order to avert 
the cessation of growth, which we have described to ooeur after a 

» Studies from Int. for Mcd. Bst. M VbUj Statei^ No. 12» The EtUdw 

of beriberi, 1911. 

M For Summaxy, see Cooper, Bnt. Med. J. No. 2727, p. 722, 1913, and 
Funk, Ergeb. d. Physiol. 13, 125. Idii 

M Brit. M«d. J. 1912, II, 787, X Stats Med. so^ Ml, 1913. Ensb. d. phsnrfoL 
Ifl, 125. !013. Bioch. Bull. 1915, 4. SOI 

<• J. BioL Chsm. 42|, 1918. 
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oertaln period of micoeBBful growth on our earlier dietariee, is wftlrar 
identicai vith, or analogous to, the vitamm whieb pUya the rOle of 
an antiacorbutic substance. For this we can aa yet find no oompelling 
evidence. Certainly the nitrogen-free butter-fat, so aueoeasful in 
remedying our growth failures, contains no substance chemically 
related to the nitrogenous products which have lately been credited 
with this unique physiological efficiency. Furthermore it is well to 
bear in mind that it is not improbable that the antineuritic and aixti- 
prorbutic constituents of food> are not identical with the substances 
alleged to assist in maintaining body weight." 

Considerable unctrt;iinty existed at this time as to whether the 
growth-promoting subbt:mce was to be regarded a^ identical with 
antineuritic and antiscorbutic factors. Stcpp" expres^d the belief 
that there is more than a single class of unknown accessorj' substances 
necessary for prolonp;ed maintenance of an animal, but he employed 
only solvents for lipoids in preparing his foodstulT. Vocgtlin and 
Towles'^ noted that the extracts of autolyzed spinal cord were anti- 
neuritic, yet were unable to leSstabliah normal metaboliam, Le. restore 
body weight. Hopkins** remarks in 1914, "It is unoertidn as yet 
whether the substance necessary for growth is the same as that wMch 
ean cure the neuritis which develops in fowls fed on polished rice, and 
the absence of which from a diet is supposed to be responsible for 
the disease beriberi/' Funk and Maeallum found that butter-fat 
had no benefidal effect on pigeons suffering from polyneuritis, and 
that young rata and ingeona were unable to live on diets of pure 
casein, sugar, starch, agar (for roughage) , mineral salts, and butter- 
fat, even when the latter made up as nmeh as 30% of the diet. Addi- 
tion of from 2-6% of dried brewers* yeast remedied the defect so 
that good growth and maintenance were obtained. They concluded 
that "the growth-promoting factor is beyond question contained in 
the yeast," but wore uncertain as to whether there were one or more 
growth-stimulating cunii>ononts in the yeast, or whothor the yeast 
alone without butter would produce normal growth. McArthur and 
Luckett '° were also unsuccessful in attempting to feed mice on casein, 
starch, lactose, and mineral salts or protein free milk, all of which 
had been extracted with alcohol and ether, «^upi)lemented with butter 
to the extent of 25%, but obtained good reiiulUi when ieb:^ than 3^ 

M Z. Biol. 62, 406, 1918. 

J. Exp. Pham 5. 67, 1013, 
«• Ann. Repte. on Fvo^. of Chcm, 1914, 210. 

J. Biol, Chem. ma, 33, 413. 
M J. KoL GhMB. 1915, ao, Iftl. 
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of the alcohol-ether extract of egg-yolk was incorporated in the diet. 
They proved that the essential substance was neither lecithin, cephalin, 
cerebrosides, cholesterol, or fat, and su^prested that it might be Funk's 
vitamin, but were unable to account for the disrrepaney between the 
results and those of McCollum and Davis and Osborne and Mendel 
with regard to the efficiency of butter-fat. 

McCollum and his associates were now engaged in a study of the 
nutritive properties of the individual grains.'* In the case of wheat 
it was found necesssary U) supplement the grain by addition of protein, 
inorganic salts, and a growth-promoting fat (butter-fat) , but vvlien this 
was dune the diet proved eatiafaetory for growth, maintenance, and 
reproduction, lliey next tamed th^ attention to rice, expeetans 
similar reaulta, but to their sufpriae th^ found that polished rioe^ 
even when supplemented with protein (casein), butter-fat, and a suit- 
able salt mixture, not only failed to induce growth in young rate, but 
pecmitted the development of polyneuritic sjrmptcmis. The posflibility 
of a toodc principle in the rice, as suggested by Caspari and If osakowN 
aki,'^ was eliminated by the fact that no improvement could be de- 
tected when the amount of rice in the ration had been reduced to one- 
half| the deficit being made up by dextrin. Comparison with the earlier 
experiments in which good health and growth had been secured in 
animals fed upon purified proteui, starch, milk BUgiur, butter 
fat, and inorgnnio «ftUs, suggested laetooe as the only missing compo- 
nent constituent in the rice diet, and (experiment showed that when 10 
per cent of Merck's lactose re[)la(ed an ecjuivaU iit amount of polished 
rice there was marked improvement. McCollum and Davis concluded 
therefore that the lactose carried a second factor essential for normal 
nutrition durmg growth, distinct from that present in butter- fat and 
egg yolk. This new factor, now known as vitamin B, is present in 
milk, and being soluble in water but apparently not in fats, remains in 
the skimmed milk where the butter-fat is separated. It is absorbed 
by the lactose and can only be removed from this by very careful 
reoystallisation, so that latioiiB containing eommmial lactose would 
contain an abundance of this substance, aa would also the "protein- 
free milk" of Oeborae and MendeL It was found to be present 
also tn rice polishings, in water extract of egg yolk, and in 

" Win. Ag. Exp. Sta. Res. Bull 17, 1911; McCollum and Davit, Proe. Soc 
Biol. Chem. J. Biol. Chem. 14. XI, 1913; Hart and McCollum, J. Biol Chcm. 
19, 373, 1914; McCollum and Davit, J. Biol. Chem. 30. 415. 21. 615, 1915. See 
■Im McCoUom, Newer Knowledge of Nutrition (1919), pp. 20 A ff. McCoUum 
and Davit, J. Bid. Chem. as* lU, 1915. 

Bed. Idia. Weluwifar. so. pi. 11, IW IMS. 
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ol extract of wheat embryo, obeervations whieh 
up the mystery of the eooflietiiig retolts relened to 



hypothfiflis hiehided aeiirvy as one of the defi- 
an etiology which is almoet vdvenally aooepted, aod' 
inlating evidenoe oonoenuiig the antlBfiorbiitio prop- 
erties of foodrtuffii has proved condusively that there is a third 
vitamin concerned, which Dnunnioad has designated as "water 
soluble C" following the nomenclature of HcCollum and Kennedy.*' 
A more detailed study of the work leading to the reeogpition ol this 
factor will be given in the chapter on scurvy. 

While there is still some difference of opinion as to the part played 
by vitamins in connection with certain specific diseases, the im- 
possibility of maintaining health on a diet lacking either A, B, or C is 
generally regnrdf^d as firmly established. As an example of the very 
small minority who, in the face of overwhehning evidence, persist in 
attempting to controvert the vitamin hypothesis we may quote Roh- 
msmaJ* 

Rohmann asserts that accessory foodstuffs are not necessary for the 
continued maintenance of fully ^own animals, and that if long familiar 
nutrients arc suitable m quality and quantity nothing further is essen- 
tial inthe r ation. 

<*'i'he assumption tbat some miknown substances are indispensable 
for growth is a oonvenient device for explaining experiments that 
result In failure — a device that becomes superfluous as soon as the ex- 
perhnen t sueceeds." 

As evidence against the UKtiqwiualnlity of vitamimi he eites a new 
series of eiperime&ts on growth and maintenance of white mice fed 
with artificial mixtures of food supposedly free from these so-called 
accessory substances. In many of his earlier e^ieriments he used yeast 
to unpart a suitable texture to the food mixtiures. Since yeast is now 
recognised as an efficient source of vitamin, in his latest experiments 
he has avoided this possible criticism by using starch digested by pun* 
fied diastase^ with baking powder as leavening agent 

MeCoUnm aod Davis, J. BioL Chem. sa, SSI, 1015. 

•« Uncet, 1918, 11, 482. 

J. Biol. Chem. 1916, 24. 493. 

Kunitliohe Earahnins u. Vitamine, Berlin, 1910. 
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Tbe diefai used by bim were as foUows: 



Egg white 6 gm. "Kalzoae" A 

En ^>^^ inm 2 ClMiin jnnJ 

Potato Btarch (predigetted).. 30 Potato atari 

Potato starch (iftw) ••*. 25 Potato stan 

Wheat Btarch 90 Wheat 8taa 

Dextrose 5 Dextrose . 

MuffriM 10 Ltfd 

aOto 3 Salta 

Baknt Powder 5 Bakmg Powder 
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The foodstuffs in diet 2 wore either treated in alcohol without wann* 
ing, or were heated thr( e hours at 120-150 C. 

The Kalzose used was a commercial preparation of ( -isein combined 
with calcium, and still containing some milk sugar and doubtlebs other 
products present in milk. In this diet 6.2 g. of Merck's purified 
diastase," washed with alcohol, was used to digest 20 g. of starch. 

Kolmiaiin states that with Diet 1 five young mice having an average 
initial weight of 6 g. were sueeeesfully reared. Addltiim of eawin gave 
still more aueoessliil results, for a third generation was obtained. He 
states that he has succeeded in rearing young mice and subsequently 
maintiainlng them, but these results were frequently induced by added 
extraets of yeast, by small quantities of milk, or with ''Filtrateiweiss," 
a product "piinoipally composed of the proteins which remain in 8olu> 
tion after the precipitation of the casein of milk," and which was 
supposed to have been rendered vitamin free by heating or by eactrac- 
tion with cold alcohol. 

Rohmann's work has been severely criticised by Osborae and 
Mendel who point out that it is doubtful whether either of the meth- 
ods Bclcitcd by Rohmann can be depended upon to exclude all t races 
of vitamins. 

I "The thesis that a successful, i. e. positive, experiment in nutrition 
s far more significant than a negative one is doubless valid. On the 
)ther hand, in dealing with substances which, like the alleged vitamins, 
ire potent in surprisingly small amounts, the burden of the proof 
Hvith respect to the complete absence of effective substances so widely 
diistributed aiiioiig tlie natural foodstuilii tails on those who deny the 



" J. Biol. Ch. 31, 149, 1917. 

** The Vitaiaine Manual by Eddy (Baltimore, 1821) contains a bibliography 
OB vilaiaiiM. See dso "^he Vitamines^ by Fink. Tmnblioa from leoand 
Qemm editkii by IhMu 
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SXPERIMENTAL METHODS 

Thb preceding chapter explains how it was that so important a 
factor in nutrition as the vitamina are now believed to be, could have ' 
ewaped leeognition for to toag a time, and f oUowa in some detail the 
gradual development of the modem conception. In order that we may 
be better aatiafied as to the validity of this theory however, a careful 
examination of the experimental evidence forming ita bade is neoea- 
aaiy. The present chapter is devoted to a description of the experi- 
mental methods employed. 

As we have already pointed out, it was a matter of common ob- 
servation that certain restrictions in the diet were followed in some 
cases by definite diseases, beriberi and scurvy, and in others by gen- 
eral failure. As knowledge of the fanuliar conrtituents of food became 
more extensive experimental conditions were improved and causes 
and results could be connected more accurately. In this way the 
first information about vitamin A was arrived at by accident, as it 
were, in the course of investigations designed to solve other problems, 
while the direction in which tiie investigation of the antineuritic vita- 
min should proceed was indicated by Eijkman's observation that the 
polyneuritis produced in fowls by a diet of polished rice was closely 
analogous to, if not identical with, the disease of beriberi in man. 

Vitamin resonrch has been carried on almost entirely with the 
use of two or tiiree types of small animals as subjects;^ — rats and oc- 
casionally mice ^' for the studv of the factors A and pigeons and 
fowls for work on the antineuritic principle (although cats' have 
also been recommended as very satisfactory for the purpose), and 
^nea pigs and in a few cases monkeys ' for observations on C 

The advantages of working with the smaller animals are obvi- 

1 Hume recommends gmnea pigs a? a substitute for nit in teeing for JL, 
in non-fatty foodstuffs Biochem J, 1921, 15, 30. 

^ McArthur and Luckett, J. Bioi. Chem. 20, 161, 1915. Rohmann, F. Ueber 
fcuiulliolio Ernahrung und Vitamhw, Berlin, 1916. 

> Voegtlin and Lake, Am. J. Pbyak)!. 47, 568, 1918. 

a Chicly Hmm and S ke lton , Laooei 191^ ii, 735. 
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oils; the greater eaae of caring for them and preparing their food 
supplies, an arduous task at .the hest; the simplifioation of the neoes- 
saiy measurements and analyses; the possibility of working with 
largsr numbers of animals and hence reducing the error from indi- 
vidual variations; and finally the comparatively short time required 
to enable such animals to reach maturity, maldng it possible to ob- 
serve and complete the record of two or three generatiooB within a 
reasonable time. 

The rat is particularly satisfactory for the majority of tnvestlga^ 
tions. Its span of life is about three years; a rat of this age being 
said to be comparable to a man of ninety * althougih Slonaker 'has 
kept white rats alive for more than a thousand days. It has a gesta- 
tion period of only 21 days and the young are weaned at the end of 
25 days. The female usually produces her first litter at the age of 
about 120 days, and will as a rule have five litters by the time she 
reaches the age of 14 montiis, wiiich age marks the en d of her fer- 
tility* Moreover it is omnivorous, and hence adapts itself more easily 
to a variety of diets than do many species, and, from the many records 
of animals kept in vigorous health on a suitable diet over long periods 
of ume, it appears to suffer lebs from coafinement Uiuu larger ani- 
mals necessarily must. On the other hand the rat appears to be 
entirely immune from scurvy, and so for observations on soorbutie 
and antiseorbutie diets the highly susceptible guinea pig is nssd 
insteadi while the extreme promptness with which ingsons and fowls 
succumb to polyneuritis and respond to anti-neuritic treatment renders 
them peculiarly suitable for experimentation in this direction. 

In general, it seems Justifiable to assume that a factor which is 
essential in the diet of one species of animal will be hi^ly advan- 
tageous if not equally indispensable for another. The close similarity 
between the symptoms of polyneuritis in fowls and in cate and dogs 
and of beriberi in man, of scurvy as observed in the guinea-pig, in 
puppies, and in human beings, and the fact that the eye-disease so 
often appearing in animals on a diet deficient in A has also been 
observed repeatedly in children on a diet lacking fat, would 
appear to confirm this conclusion. Moreover the curative 
measures proved efficient for the lowor animals have produced similar 
results in human cases. McCoUum says: * "A sufficient 

' Ponaldwwi: GnapwiMii of die white nX with nm m reipeet to tihe 

irciwth of the entire body. Boas Memorial Vohime* N. T« 190S. 
» Slonaker, J. An. Behav. ii, 20, 1912. 
• McCoUum, Newer Knowledge of Nutrition, 1819, 14. 
V McCoUvD, Newer Knowledge of NutriftioB, 1ft. 
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uimber of comparable experimezite have now been eondncted 
wfth fleveral qteciee of anliaaalB to make it appear oertain that 
tbe diemical requirements of one species are the aame as that of 

anoth^ among all the higher animals. The requirements with respect 
to the physical properties of the food vary greatly. The ruminanta 
most have bulky food with the right oonsiatency, whereas the omniv- 
ora (man, pig, rat, etc.) cannot, because of the nature of their 
digestive tracts, oonsinne enough of such foods as leaves and coarse 
vegetable?!, to mvet their energy requirements." 

McCollum, Simmonds and Pitz " assert that their experience of 
over a decade witii rats and swine has convinced them that the 
nutritive reciuirements for these two species at leiist are essentially 
the same. As mentioned above, rats fail to develop scurvy on a diet 
on which a guinea pig succumbs promptly, nevertheless such a diet 
does not usually promote growth and well-being in rats. 

On the other hand certam investigators have uttered a word of 
warning. Steenbock, SLent and Gross * say that " though the data 
{obtained by varkms investigatiops) cover a considerable range 
of nutrknta from diverse sources mudi remains to be aceomttlated 
before the human dietitian or the animal feeder — unless willingly 
assuming the r6Ie of a speculator — can state what limiting factors 
are unposed on an animal by subsistence on a ration conq;Kwnded 
from various sources. In this biological method of analysis, results 
are obtained which are not always directly applicable to animals 
of different species. For instance, it has been found that tiie reqnure- 
ments of birds for the water-soluble vitamin are far greater than those 
of the rat. Specific unequivocal data can mdy be obtained by direct 
experimentation on the animals in question. In this connection it 
must not be forgotten that the difference in the anatomical featurea of 
the digestive tracts of different animals entirely precludes the possi- 
bility of obtaining comparable data of the nutritive value of rations 
for the ruminant, for example, as compared with the rat. ... As 
'guiding information' for the outlining of future work much of value 
can, however, be obtained by the use of the rat as tlie experimental 
animal. When once the dietary properties of various naturally occur- 
ring foods have been ascertained individually, it will in many cases 
be possible to forecast with a considerable degree of certainty the 
nutritive value of combinations of these. lo any case the situation 
is far from being simple as is especially the case of protein supple- 
mentation where the eighteen amino-acids must be considered as the 

• McCoUiim, Simmonds, and Pits, J. Biol. Cbem. 30, 14, 1917. 

• Stinboc^ Ksat lad Grots, J. BioL Gbam. 35. 62. 1918. 
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physioloipoal luute, many of vrbkh by the inability of the body to 
eyntheaife them, ean act as growth detemtSiuuita." 

Hart, Halpiii and McCollum^* found a etrildng diffeienoe in the 
mineral lequiremente at least and pbenbly in other nntntive needs 
of ehickens aa compared with mammals. In this connection th^ 
remark that in investigations invohnng rats, swine, and oattle, there 
has been constant afjeement among these three Qiecies in the effects 
produ<^ by the several rations studied. There may have been some 
alil^t differences between the resistances of swine and rats to certain 
rations, but on the whole substantial agreement has resulted* It 
does not follow, however, that this would be true with every ration 
that may arise for investigation nor that the requirements for the 
normal factors of nutrition be exactly identical among all species 
of animals. For pxnmple. oliirkenp behave entirely differently from 
eitlier rats or swine on rations limited to corn or wheat grains and 
their products. Chickens started at half normal weight can main- 
tain themselves and even make slow growth and produce fertile eggs 
on rations restricted to gluten feed, calcium carbonate, and either 
com or wheat meal, while swine and rats on this same food suffer 
serious loss of weight and on the wheat ration develop symptoms 
resembling those of polyneuritis. Later work sliowed that younger 
birds tolerate wheat much less cHectively than do more mature fowls, 
requiring addition of casein and A vitamin, as well as adjustment of 
the mineral content of the ration, lAereas in (he case of com, edi- 
tions of casein and common salt were sufficient to make it a satis- 
f actoiy food for baby chicks. 

The experimental methods adopted by Osborne and Mendel in 
their early work" v,ill serve as typical of most of this class of work. 

The experimental auimals were white rats. These were kept in 
metabolism cages modelled after those described by Henriques and 
Hansen.** Where it was thought desirable to collect the feces and 
mine for analysis this was arranged for by resting the cage on a large 
glass funnel from which the liquid trickled down into a bottle con- 
taining chlofofonn and boric add, idiile the solids were retained by 
a grating in the funnel. In later experiments the funnels were dis- 
pensed with, the cages being placed over a frequently changed sheet 

Hart, Halpin and McCoIlum, J. Biol. Chrm. 29, 57. 

Hart, Halpin and Steenbock, J. Biol. Chem. 31, 415. 
^ Osborne and Mendel, Carnegie Publicataou 156, 1^12. 
» BcariqiBM aad HSbmo, Zntodir. f. pIviioL Ghnm. 4a, 411^ ISOA. 
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of abeorbent paper upon an enamelled tray or pan. For the most 
part» however, the analysis of the exoreta is onneoessary in work on 
vitamins. 

Hm food ms miiBd into a paste with melted lard to prevent the animab 
ireia eeattering it ae they ate. Osbom and Mendel my: **Th» indiwon 

of 20 to 45 per cent of fat in the diet — a eonditioa neoeiMtitod hy the re«piini- 

cnents of the eitpcriment outlinpH — seems like an cxfe-<wivp amount, never- 
theless the utilisatioQ appears to be satisfactory aad attempts to devise less 
objertknabte modes of feeding have been im8uc<»88ful in our hands." 

In order to avoid frequent weighings of food, this was introduced 
into a glass cylinder about 25 cm. in length and 3 cm. in diameter. 
A rubber stopper was inserted into one end which could be moved for- 
ward like a piston head and the food expelled front the other end 
of the cylinder into the food receptnrlc The exit end of the cylinder 
was kept stopped when the food was not being expelled and the entire 
apparatus with its food content was kept in an ice-box wliich made 
possible its preser^'ation, for long periods without deterioration of 
the diet. The food eaten can thus be renewed at intervals and the 
quantity fed determined when desired by ascertaining the loss of 
weight of each food tube. 

Great care was taken to secure optimum conditions of temperature, 
etc., since rats arc sensitive to marked changes. To ascertain whether 
these conditions were suitable a control series of animals on what 
was supposed to be an entirely satisfactory diet of ground dog bis- 
cuit and lard were kept under observation and their average growth 
and lievelopment compared with that of the group on the experimental 
diets. Donaldson's study of growth in the rat was also used as a 
standard of normality. From their observations they concluded that 
ndthor cagmg nor monotonous diet reacted unfavorably upon the 
health and vigor of the animals. 

While they were accustomed as a general procedure to add a 
small quantity of agar-agar to the food mixtures in order to provide 
roughage and fadlitate evacuation, they succeeded in mauitainmg 
rats for over a year without this or any other indigestible constituent 
in the food. 

In McCollnm's work the rats were kept in cages two feet sq[uare 
and twenty inches high» made of wire netting nailed to a wooden 
frame. The entire floor space was covered by a square pan of gal* 
vanized iron which fitted snugly. In the pan clean wood shavings 
covered the bottom. The food and water supply was suq^ended so as 
not to become mixed with the shavings. In this way a good oppor- 
M Oebocne and Hsndd, L c Pk 2, p. 61. 
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tunity was pru\ icled for ventilation and exercise. Several rats were 
always kept together.^* 

Mitchell and Nelson criticize the use of wood shavings, which they 
replaced by paper excelsior. They say:^' 

'*We cannot B|jee vitb the statemeot of MeCoUtun and Davis that 
ihey do not look upon the oonsumption of a amall amount of wood 
fibte as objectionahle to any greater degree in this ^rpe of experiment 
than is the feeding of ag^r-agar. Also, the availability and nutritive 
value of the nitrogenous and mineral substancee of the wood eannot 
be as lightly dieregaided, we believe, as th^ have been by theae 
investigators." 

The conditions and technique made use of by Hopkins may be 
taken as representative of the methods of the English investigators.^' 

His ejqpeiimenta were all coDcemed witii young ratei at a stage when rapid 
growth is nomal. Their initial weight wm mcvtly from 36 to 80 giaiiis, a stage 
when weight is normally doubled on an efficient dietary in 3D cisTS or leas. The 
anirnsil!*, unless otherwise mentioned, were always ff^d two in h chk'' buck?? being 
paired with buckn and doea with does. When the amount of food eaten la to 
be datannined, thu grouping haa the diaadvantage that an average for the two 
aaimala ouiat be aonqpted, but iriien food ia given in exeeai of the iiuaatitjr re- 
quired, this is not an important point, and any disadvantages are more than 
counterbalanced by the fact that quite young rats progress more normally when 
they have a companion than when kept singly. Great attentMO was given to 
the maiatenanee of a naifona temperature, thia beiag aaoovdad hj a ngialeriag 
thennometer. In partieiilar a eooatant teaqierature for dagr and ai^t was care- 



tho'^p used by Henriques and Hansen and hy Mendel and Osborne, ihounlj 
shallower and of wider mesh. They stood in trays iiiied with sawdust, over 
which waa a layer of filter paper. Rata tend )to eat both aawduat and paper, 
fK) the cages were railed upon legi four inches Ugh. Two basal dieta ware used, 
differinfT only in thp protein they contained. In one the protein wa.^ Merck's 
pure casern prepared by Hammersten's method, in the other it was the conimer> 
cial casein preparation known as "Protene." No roughage was provided, aa 
with rata Hophfaw eonaidaie it unnnnwawity. 

The conpoaitioa of the diy food nizturee waa the foUowiag: 



The salts added were obtained by incinerating the normal laboratory food <m. 



idiioh the rata had bean kept ^dien not under eiperiment and aonaiated of equal 
ta lleCoUum and Davia, J. Biol. Chem. 91^ 61^ 1915. 
K Mitchell and Nelaon. J. Biol. Chenu 38» 4a0» lOU. 
IT Ho^dna, J. Phyaiol. 1012, 487. 




PUra eaaein miztura 



"Protene" mixture 



Lard 
flblta 



Protein 

Sterch 
Cane Sugar 



22% 

42j0% 

21J0% 



212% 
42X) 
21.0% 
12.4 
8^ 
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pvtB of the Mh of oats and dog bificuiU. The commercial casein contained 
8 per eent of aah» imiKDg the amount of ealta in the miztuie from 23 per «ent 

to 33 per cent. The calculated enei|y value of the pure casein mixture is 

just over 5 calories per gram, and thnt of the pro*fm mixture al- 
most exactly 5 calories per gram. A seheu oi estimations m the bomb calori- 
meter gave mean value of 4jW for both mixtures. In general, however, the 
eneiiy values of the diet were direetly determined in the mixtures aa they were 
made up for feeding; the protein and starch not being previously dried. 

'"The protein, starch, and sugar and salts were mixed dry, and the fat rubbed 
in by hand, the mixture being worked up until of completely unuorm composi- 
tion. It was given to the animals m carUienware veasela. The dayli mtion 
for each pair of rats was weighed out dry, and given the desirable oonsistency 
in the following way. Half the ration was mixed with enough water to make 
it mto a thin pitste, and the remammg half of the «lr>' material was then added 
little by little, and well Htirred m witii a gia^ rod. The final mixture thus 
oibtamed was of audi a oonsi8tai0y and eharaeter that the rats ate it freebr, 
and almost without any tendency to scatter the food. The amount of food 
given was^ nlway« in ev<"f ss of the consumption. Water was supplied in a special 
vessel. Before the day's ration was admmistered to either set of rats, each 
individual of that set which was to receive milk was put into a separate cage, 
and the measured quantity of milk given as a separate ration. Only after 
this was consumed — and its consumption never occupied more than a few 
minutes — were the rata returned in pairs to the original cages. Both sets 
were then fed simultaneously with the artificial mixture. The composition of 
milk was earefuUy determined from time to time, and the energy content 
of the solids was occasionally deteimined in the osJorimetar. This soaroely 
varied from the vuluo of 4.7 cixlorics per gram." 

Hopkins found it possible to determine the amount of food eaten with 
great accuracy. A very small quantity might fall through the bottom of the 
eage on to the filter paper beneath, but tius oould always be reoovered quanti- 
tatively. Abeolute accuracy was to be obtained by removing such spilled 
food at frequent interval", avoid any eoakage with the urine. The 

amount spilled was never more than a minute fraction of the food eaten, or 
of that weighed back; and in practice no difficulty was found in dealing with it. 
At each diqr's feedmg, the food left over from the previous day was carefully 
removed from the vessel which contained it, the small quantity of spilled 
food added to it, and the whole dried at low temperature till of constant 
weight. This weight was deducted from the dry weight of the food mixture 
as originally weighed out. During periods in eadi experiment the feces were 
eoUeeted in order to determine the energy content, so that data as to the 
absorption of the food might be obtained. The greater part of the feces fell 
through the bottom of the cage on to the paper beneath, and aa this lay 
upon sawdust, any urine passed was rapidly soaked up, so that very little 
contamination of the feoes oecuned. No attempt was made to demareate the 
feces of the experimental period, but as they were collected for a wedc, and 
under precisely similar conditions in the two sets of rats under oompanaon, 
sudi demarcation seemed unnecessuy. 

Drutmnond and Coward " have worked out a technique for oany- 
Drummond and Coward, Bioch. J. M, 681, IMO. See also Osborne and 
Meadd, J. BioL Chem. 4S. 377, 1820-31. 
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in out tests for vitamin A. The basal ration which they employ is 
composed of 

Purified casein 18 parts 

Purified rice starch 52 

Refined bydrogenated vegetable oil 15 

ITsuk fUL tract •.••««•••• 5 

Orange juioe 5 

Salt miztuie 5 



They state that small rats of 50-70 grams (4-5 weeks old) should 
show very little growth nt all and should remain stable for a week 
or two after the slight initial growth. Any considerable increase 
in body weiglit in rats of this age on the diet is to be taken as an 
indication that the basal ration is insufficiently purified. They regard 
rats of considerably over 100 g;raii» weight as unaatisfactoiy for 
tettmg for tlua vitamin and prefer to use only rats of between 80 and 
120 grams, of which the growth has been suspended for 10-14 days* 

Althou^ the experimental methods above described were developed 
for use with rats only they will serve to indicate the important pmnte 
to be observed in the case of animals in general.^* 

Certam general considerations are further emphasised in the lit- 
erature. It id obvious, as Osborne and Mendel *^ pdnt out, that the 
experimental conditions, apart from the food, must be such that con- 
trol animals on a normal diet can grow and maintain themselves over 

For meUiods of humlting otfitf apma of ezperimtutal toiinab sm: 

Wells and Ewing, Georgia Agric. Ebcp. 8ta. Bull. 119, 1016, for experiments 
with pigs; Osborne and Mendel, J. Biol. Cbem. 26, 293, 1916; 33, 433, 1918. 
Drummond, J. C. Biooh. J. 10, 77, 1016, and Funk and Macallum, Ibid. 27, 
S, 19ie, for experiousts with dudmis. HitdMll. H. H. J. Btd. COwni. 38, 
231, 1916, for experiments with mioa; Cohen snd Mendel, J. Bid. Gbeni. 35, 
429, 191!, for rxppriments with guinea pigs. 

Hume ( Biochem. J. 15, 30 1921) advocates the employiuf nt of piinea pigs 
for txial, m testing the vitamm A value of non-fatty foods, when, for any reason 
nti am unBuitable for the pinpoae. Hume fed guinea pigs witii a nuztura of 
oats and wheaten bran ad libitum* but weighed. To this wae added the food 
to be tested in wf^iphcH or mi"fi«Mrf>d quantities; the residues wor^ either fed by 
hand or were measured and the quantity actually consumed waa calculated. 
WheneTer necessary, extia antisooibutie in the form of orange jmce was added. 
Growth took place iriien green cabbage (raw or steamed), green cabbage juieSf 
hay and milk (raw, heated or dried) were added to a diet of oats and bran and 
water. The growth varied according to the size of the ration given. Raw white 
cabbage, white cabbage juioe, swede juice, orange juioe, onion or germinated 
peat pteduee j little or no giedrtb. llie growtbmomotiiig aeoosiory substamw 
lit tfksee experiments correspoodi m its distribution among foodstuffi with the 
known distribution of vitamin A. 

M Oabome and Mendel. J. Bid. Chera. 13, 234, 1913. 
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a satisfactory period of time in a perfectly normal manner. In this 
Gooneetaoii It ibould be noted that a *'iioiiiiar' growth eurve is not 
complete proof of satisfactory nutrition. McCoUum, Sinmioiids 
and Parsona *^ observe that when the faults of a diet are of a ceiv 
tain degree of magnitude, animals with a fair amount of vigor may 
grow at the normal rate and reach full adult sise and yet not be in 
a state of optimum physiological well bdng. If continued on such 
dietSf they may be tardy in maturing sexually, or may be capable 
of but a fraction of the fertility of the vigorous, well-nourished in- 
dividual. It has likewise become apparent that animals which have 
grown at a satisfactory rate, appear vigorous, and produce a few 
young at or near the usual age, may fail to maiotain fertility to the 
age normal for the species. In all cases where the diet is below the 
optimum in character ihe signs of involution characteristic of old 
ntje nppenr cnrlier than in the well nourished. These several varia- 
tions from the normal in the usual functions of the adult nnimnl serve 
as valuable criteria as to the state of nutrition and are more refined 
than the simple observation of the growlh curve. 

McCollum and Davis " are even more emphatic, urging that in 
their experience even normal growth to the normal adult size and 
continued maintenance does not necessarily indicate perfect nutrition. 
Only when animals reproduce and nourish their young normally, and 
repeat this at normal intervals, can it be said that tiie ration is 
physiologically suflScient. And again, " "Growth to the normal adult 
sise at the usual rate and continued well-nourished appearance is 
not sufficient evidence that a ration is fully adequate. Only when 
normal reproduction and rearing of the young is repeated at normal 
intervals can a ration be said to be physiologically suflScient." 

It follows therefore that only in those cases where the esqierimente 
have extended over a sufficient period of time to cover the life 
history of at least two generations can the evidence be regarded as 
entirely trustworthy. 

The neoeesity for long continued experiments before any adequate 
conclusions can be drawn has been frequently emphasized by various 
writers and repeatedly demonstrated by experiments in which ap- 
parently satipfnrtory growth over a considerable period of time had 
ultimately resulted in decline and complete failure. 

Hart, McCoUum, Steenbock, and Humphrey ** in their study of 

IfcCoUom, SimmoBds ud Puion^ J. Biol. Ohiii. 37, 159, 1019. 
s> McCoUum and Davis, J. Bid. Otsm. 10* 416. 

23 Ihif!. 21, 620. 

2* Hart, McCoUum, Steenbock and Uumphrey, Un. Wis. Aghc Exp. 
Sta. Bes. Bull. No. 17, 1911, 
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the phyt^iolugical efifects on growth and reproductioD of cows on 
rations derived from a single plant carried on experiments over a 
period of three years, and conclude that unquestionably the physiologi- 
cal Talue of a ration is largely dependent upon its chemical constitu- 
ents, but the usual determinatioiis made on feeding materials do not 
leveal the character or maimer of combmation of many of the constit* 
Yienta. Gon8equently» according to these investigators, the physio- 
logical value can be determined, in the present state of our knowledge, 
only by long continued observations of the reaction of the feed on 
the animal*" 
Osborne and Mendel confiim this.** 

"The necessity of long continued e3cperimrnt« calls for particular emphasis. 
Physiological alterations dependent upon the gradual depletion of a small store 
of ii—witi i l tiame matemt may mvufest thmielvies with vilniiui iloifneaB; 
ttud th9 lut dMt a wtisfactory nutritivie Kftltnff^ caa be mamtaiiied for a week 
or two or even a month in some cases is no guarantee of either the ultimate 
success of the dietary- or of the impossibility of a decline owing to the in- 
appropriate exhibition of an essential ingredient — a d^cien^ in some es- 
eential iagradient may nol make itself maaifeBt for a long (im^ aad even then 
be difficult to detect; for many other caueee than defects in the food may lead 
to the dooline or death of animals during p>rporiments lasting over many months. 
It IS only when the failure to be maintained is the invariable outcome ol the 
prolonged feeding on a given diet that we are justified in assuming that tiie 
diet is in some way inadequate, and then only when a prompt aad complete 
reooveiy ensues when the diet is diaaged to one that is known to be in aU 
fespects sufficient 

... If we had been content to discontinue the expeiiments after a reason- 
able period maiqr of the deelinaa evidently amoejated with impetfeetiona m 
the dletaiy and raadily ehaeked by a ehange in feeding would have eeeaped 
attention.* 

A difficulty which is met with at the outset ol all experimental 
work is the great variability in animals of the same species with 

regard to growth, impulse and vitality. This has been repef\tedly 
emphasized by the various experimenters. Osborne and Mendel 
noted that when rat^i were kept on a diet of purified protein, lard, 
starch, and prot<^in-free milk, (zrov^^h ceased after sixty da} > in some 
cases wliilc others continued to grow for a hundred days or more. 
They report the case of one rat among hundreds tested on inadequate 
lard diet.s, continuing to thrive for the exceptional period of 252 days 
before the inevitable failure ensu^.** 

Osbomo and Mendel, J. Biol. Chem. 13. 233, 1912-13. 
2« Osborne and Mendel, J. Biol. Chem. 15, 313, 1913. 
" Osborne and Mendel, J. Biol. Chem. 20, 383, 1915. 
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McC^vn and Davit,** state that rata may grow well for three or four 

monthjB on fat free diets of purified casein, dextrin, milk sugar, agar-agar, and 
salts from rcapcnts, the period of growth depending on the stamina of the 
individual. They note that many make no growth at all ; others, and indeed 
the greater number will make about half the normal growth, while a few indi- 
vxhiala of coEoeptknial vitalily will grow at tlie normal rate. 'By eareM attenp 
tion to the aeleetion of breeding stock during several geneiationi they were able 
to greatly increa'^e tlie percentage of individuals which approximated normal 
growth under the^e conditions. Further they state that the domestic rat has been 
kept under oomditioDa where inferior specimens have survived and propagated 
until the general Titality of the etram ia low. Thia faot» however, doee not detract 
from the value of ob^rvationa with rata of impro\-ed vitality. What we are 
seeking to learn is the chemical powers of the cells of the mammalian organism, 
and in order to do this we must eliminate just as far as possible all othen 
£aetom uiiiGli ean influenee the anhnal^ tendenQr to grow. The power of growth 
is not tiie oame m all individuals of tl^ same apecioe, or. even of the same 
family, yet we must admit that the Ftrong;er ones arc the more normal, in that 
all their physiological processes arc functionine with greatest smoothness and 
power. In nutrition studies it is of the greatest importance that success or fail- 
tira ahall torn upon a single factor. Obvioudy where animals with the most 
eioeptiaiial vigor are not used, even though a conBtderable number be employed, 
the conclusions from the experiments m-xv hp entirely misleading. If success 
, in growth or reproduction is to turn on the smgle factor of the lack of a certain 
complex or complexes in the ration, McCoUum and Davis assert that we must 
know the aninude are so vigorous tiiat they are acoompliBhing everything which 
any individual of the species is prepared to aooompliah, aa far as the e b em i cal 
ehaiaoter of the ration will admit. 

McColium, Simmonds and Parsons - call attention to the same 
point, observing that when an animal in infancy is fed a diet unsatis- 
factory in any respect it does the best it can under the circumstances. 
There is a variable factor m the vitality with which the individual 
is born, which in some measure will determine its ability to utilise 
food faulty in any respect. Only in tUs way can an exfdanation 
be provided for the great variation m the ability of several individuals 
in the same escperimental group to grow on the same diet. Since it 
is not possible to determine the extent to which any individual pos- 
sesses natural vigor, an experiment should be conducted with several 
animals so that one or more will be of great vitality. The elimination 
of the unfit In the breeding stock is important for this reason* 

VubSl and Hacallum** similarly note: 

Experience dem mi str atss that thwe are iHde variationa depending on the 
eonstitntion of the individual rate. Every vat taken individually is not suitable 

for this class of work. As a matter of fact in one case, 80 per eent of the 

«• McColium and Davis, J. Biol. Chora. 20, 641, 1915. 

!• McCoilum, Simmonds ii 1 Parsons, J. Biol. Chem. 37, 159, 1919. 

to Funk and Macailum, J. Bioi. Chem. 27, 51, 1916. 
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nits purchased from dealers were rejected on accounL of piiymcai defects not 
appanat b«fora the iaitiatum of tiM nqieixineiiti. A aeoond oompli«atioii k 
a diminjabed resistance to infaetloQ which follows the use of all artificial dieta. 

The meager knowledRe we poasess of the pathological conditions in rats may 
lead to a condemnation of the diet; whereas actually the condition could be 
lemadied wifthoat change of diet, if we weie able to reoogniae its nature. As an 
aampte of thia. mta on aiiifioial dieta fipaquentlsr ooatraet an egro infaetioa 
which can be treated with a certain d^pree of success by an application of a 
few drops of sine sulphate solution. If untreated this condition ia acoompanied 
by loss in weight, becomes acute, and terminates fatally. 

Fttik Toooaunanda the iiaa of nta speeially brad for the purpose in the 
laboratocy. He*^ laments that the animals furnished by dealeia aeemed to 
lack that power of resistance which would make them suitable for feeding 
experiments. This was manifested by a los.s of hair on bemg placed in the 
metabolism cages, and early death before the experiments were well under 
way. Tliia diffledty mm promptly dtmtnated irimi mta bfod in Fttnk'a labora^ 
toiy under proper dietaiy oonditkms were substituted. The animals whidi 
wpre used for breeding purposes thrive best wlicn kept on a diet of oats, 
bread, condensed milk, and yeast. The success of this diet was evidenced by the 
production of better animals from the physical as well as from the experimental 
atandpomt. 

In order to determine the decree of variability among young rata 
on a normal diet, Hopkins-*- transferred fifty rats from the regular 
diet of the l;ib(jr;it ory — dog biscuit and oats — to a diet of bread 
and Diilk, and noted tiie time required for them to double their weight. 
The change of diet was made in order to reproduce more exactly the 
conditions under which tlie Ubual laboratory experiment is carried 
on, a sudden change of diet at the beginning of the experiment being 

inevitable in these cases.** 

Half the animals used were bueka, and half doea. The moat etriking leauit 

of tile test was its demoottration of a much greater regularity in the variaticai 
of the bucks. The initial weights of the animals fed, while mostly near to 
the average of 50 grams, showed in certain cases a considerable departure from 
this (40 to 63 grams). NevertiideaB, the pexioda of mi^t doubling in the 
eaae of faudEa departed eomparatiTdy little froni the mean value. ... In the 
case of 19 rats out of 25, or 76 per cent, the completion of the weightr-doubling 
period occurred within three consecutive days (thirteenth to the fifteenth). 
Two other rats may be grouped with theee, one completing its period on the 
11th, and ■one on the 10th day. Of the remainder two doubled their neight on 
the 20th, one on the 21al» and one on the 20th day. Over 80 per oant there- 
fore ahoived perioda near to and normally grouped round the mean. 

n Funk, J. Biol. CHiem. 27, 1, 1910. 
•« Hopkins, J. Physiol. 44, 430. 

*> MacArthur and Luckett, J. Biol. Chem. 20, 164, point out that when- 
ever any food mxxtiire waa given to m mouae aoouatomed to an ordinaiy diet 
of eom, dog biaeuit, aunflower seeds, carrots, and meat, there waa a diort period 
of slower ^rotvth or cvrn no growth, followed fay neatly noimal growth if the 
food mixture was complete. 
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On the other hand the does ahowed much greater irregularity. Eight ani- 

nalB, or 32 per cent, grew at about the same rate as the bttdu; oooi]dethig fheir 
weight doubling hetwepn the I3th and the 16th days; 6, or 24 per cent, 
completed it round about the 20th day; another five requirod about 30 days; 
and the remaining four grew still more slowly; one aauuai, Lhuui^ siiowuig 
no ngne of ill health, had not douhlecl ita weii^t bgr the Wth day. 

A longer comparieoa furtiier brought out the relative alowiiev ia the growth 
of the females Thm on the 52nd day of the experimeDt the mean weight of 
the bucks was theu: mean initial weight multiplied by 3^. In the case of the 
does the eonespoiidiiig factor was 2JB3. 

Even where the most careful procedure is followed it la necessary 
to guard carefully against erroneous conclusions drawn from mislead* 
ing evidence. Speaking from wide ezpenenoe Davia ** considerB many 
confusing factors to exist m spite of the progress that has been made. 
Clear*cut results are the exception rather than the rule. An animal 
may be abnormal and recover without change in the ration, or it 
may be subnormal and not recover when taken off the experiment. 
Frequently the individual variations within a group are greater than 
the variations between groups. Some of these individual abnormali- 
ties are due to simple causes. It sometimes occurs that a rat will 
continually lose weight on a diet supposedly libernl in all respects. 
Such animals are not infrequently found to be sulT( riiig from pul- 
monary infections, hair b;ill^ in the stomach, tumor, etc., the dis- 
coveiy of which explains the unexpected results." If however the 
complicating factor should happen to remain unknown very inaccurate 
conclusions as to the diet might be drawn. 

Much depends on the condition of the animal at the beginning of 
the test. It is fairly generally accepted that the animal, especially 
at maturity, has some power of storing up a sufficient amount of the 
essential factors to tide over a certain period of deprivatko, the 
lengUi of this period depending on the natural vitality of the ani« 
mal. Ori)ome and Mendel call attention to the possible importance 
of this factor from the records of the long periods of starvation — 
over 117 days in the case of the dog — wbich have been survived 
successfully. 

In another oomiection, Wheeler** reports that animals have a 
surpridng power of getting along for a time on a qualitatively in- 
adequate diet. Mice kept upon a ration in which two-thirds of the 
protein was gelatin and the other third caseuii did not show a decline 



«« Davia, J. Home Econ. 12. 207, 1920. 

Oahome and Mendel, J. Biol. Chem. 22, 247« 1916. 
«• Wheeler, Exper. Zool. 15, 210, 1913. 



Digrtized by Google 



EXPERIMENTAL METHODS 



31 



in body weight for 21 days, althouf^ the ultimate decline of every 
udmal fed upon this food showed it to be inetiffident; another group 
made material gains m weight for 17 days on a diet upon which all 
ultimately lost weight rapidly and died unless the food was ofaang^. 
Similar observations have been made by other investigatorB. 

Moreover, the mimmmn requirement of vitamins may vaiy from 
time to time. Drummood " believes that the requirements of the 
growing rat for A become less as the animal approaches maturitiy 
and that the amount of this factor necessary to induce normal growth 
Uk a rat which has ceased growing on a vitamin-poor diet is inversely 
proportional to the weight of the animal. 

Besides the individual vanability already referred to, Osborne and 
Mendel " report a peculiar seasonal variation which affects their 
rats. During the late summer and fall over a period of three years, 
young rats on protcin-frec milk diets nlmost invariably fail to grow, 
while nt other seasons on the same diet thry make normal growili 
for about tliree months. "The failure to make early prowth is ac- 
companied by diarrhoea, diminitlied nppctitt-, and, after tiiree or foiu: 
weeks, by inflamed eyes which soon develop into a purulent state.'* 

Dietary factors other than the particular one under observation may 
be ill adjusted. The necessity for recognition and rigorous adjust- 
ment of all factors in the diet is strongly emphasized by McCollum 
and by Osborne and Mendel.^ Only ^en we are assured that every 
factor but one is at its optimum can we successfully trace nutritioiial 
success or failure to ite source, still less obtain a quantitative measure 
of the influence of the factor in questioo. The importance of the pro- 
tein and mineral constituents apart from the vitamui content is re- 
ferred to in a later chapter^*^ but these must also be considered in 
relation to vitamins. 

According to Funk^ less vitamin is required on a high protein 
diet and more when the carbohydrate content of the ration is large. 

ST prummond, Bioch. J. 13. 9o; 14, 661, 1920. 

Osbonic and Mendel. J. Biot. Chem. 17, 401, 
w McCcitaB, Shnmonds and Pits, J. Biol. Chem. SS, 111; McCollma and 
gimmondt, Ihtd. 32, 181; McCollum, Simmoodt and Parsons, Ibid. 37, ISH. 

Osborne and Meiidal, Ibid, 37« UO. flee also Stacnbock and Qroii^ 
Ibid, 40, 507, 1919. 
See Chap. m. 

Funk, Z. Physiol. 1914, 89, 378; Funk, Lyle and McCaskey, J. BioL 

Chpin. 27, 173, 1016; Funk and Dubin, Sci. 52, 447. 1920; Braddon m l Cooper, 
Writ Med. J. 1914. 1909; J. Hyg. 14 351. 1914; Theiler, Green and Viljoen, 
3rd and 4th Eep. oi JDirector oi Vit. Rga. Union oi 6o. Ainca, 1915, 9-68. 
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If tfak isflo the peroentage eontpoeition of the baBal latioii mif^ hten 
ft pcoDoimofid effect upon the vitamm mmmnim. 

Complicakioii may be introduced thtougli the presence of a tone 
nibetanoe in the food, in which case, according to Hart, llUler and 
McColluni" an additional supply of the eeaentlal factors will be 
lequized to counteract the injurioue effect. Little is known as to the 
toxicity of common foodctaffs when fed as part of a restricted ration. 
Davis,'* believes that many of them may be toxic to certain animals 
if fed in sufficient amounts for a sufficient time. The toxicity of cot- 
tonseed is well attested and toxic effects of the whole wheat grain 
have been reported several times*" although Osborne and Mendel 
dispute this A substance like magnesium which is not only harm- 
less but essential in proper concentration mny be distinctly toxic in 
larger amounts. That slight toxicity or other injurious character in 
a ration may easily exist without recognition and thus lead to in- 
accurate conclusions is brought out by McColliim» Simmonds and 
Pitz*^ in another connection. 

"A single factor (protein) in a ration may appear to admit of the maximum 
performance of the animal with respect to growth, without itaelf representing 
the optimum amount or character. When this circumstance prevailsi it may 
entinly fiseape notice, yet if in anollier nttoo esax^y like it, exoept thi^ 
' a noond faetor tends to injure Um animal, nutritive failure may result. Xn 
Buch a case as thn Intter, improvement of the protein factor by the addition 
of more protein or by the substitution of a better protein, the plane of protein 
intake rcmaming unchanged, the animal may make the maximum performance 
BotwithitaiKlmg the iinfayonble chanoter of the mjnruniB factor of the ration." 

Osbomo and Mendel point out that the problem of dosage for 
vitamins may be quite different in the case of rats which are supplied 
with a minimum of the essentials throughout the period of growth 
and those which have declined through complete deprivation of some 
requisite food factor.** 

«> Hart, Miller and McCoIlum, J. BioL Cbtm. 2S, 911, 1916. 
«* Davis, J. Home Kc, !2, 207, 1920. 

" Withers and Ray, J. Biol. Chem. 14, 63, ldl3; Withers and Brewster* 
Ibid. 15, 161, 1913; Crawford, J. Pbarm. Exp. Tberap. 1910, i. 619; Richardson 
and Oreen, J. Biol. Chem. 20, 849; Hart and McCottmn, J. Biol. Chem, 10, 
373, 1911; McCollum, Simmonds and PItz, Ibid. 25, 105, 1916; Hart, Miller, 
and McCollum, Ibid. 25, 239, 1916; Hart, McCollum* Steenbock and 
Humphrey, Proc. Nat. Acad. Sc. 3, 374, 1917; J. Agric. Res. 10, 175, 1917; 
Hart. Steenbock, and Homphrey, Univ. Wis. Agric. Exp. Sta. Bull, 287, 1918. 

«• Osborne and Mendel, J. Biol. 37, 696, 1919. 

*T McCollum, Simmonds, and Pitz, T. Biol. Chem. 25, 111, 1910. 

*• Osborne and Mendel, J. Biol. Chem. 41, 452, 553, 1920. 

*» Osborne and Mendel, J. Bid. Chem. 41, 462, 1920. 
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There are two feeding methods of testing products for the presence 
of water-9o]nble vitamin. One oonsistB in feeding the matedal to 
be inveitigiited to animals that have declined on a diet defident in 
this food factor. Such tests, however, will not demonstrate the com- 
parative vitamin content of different foods. Tbtsy are essentially 
restorative in character. If the outcome is positive in the sense of 
a renewal of nutritive weU-being, the test for the vitamin may be 
qualitatively successful. However, animals which have suffered a 
vitamin deficiency may be so badly mahiourished or underfed that 
relatively excessive amounts of the vitamin-bearing food may be re- 
quired to restore them to normal condition. In that event a failure 
to promote nutrition by the extract to be tested may be ascribed to 
the condition of the animal rather than the product. Comparisons of 
vitamin-bearing foods may not be reliable wlien they involve attempts 
to restore nutrition in animals that have suffered to a variable d^ree 
from unlike deficiencies. 

The other method consists in feeding the supposed source of vita- 
min to animals which are normal in health and development, and 
observing whether the product offered supplies wiiat is needed to pro- 
mote normal growth when the diet affords an adequate supply of all 
essentials except that to be investigated. 

The first of these methods is the one which has been chiefly resorted 
to m testing for vitamin A in plant and animal products, and also very 
commonly in the study of antineuritic B, In much of the more recent 
work on both B and C, however, both methods have been used and 
the results given for comparison. 

Sherman, LaM er and Campbell suggest the following procedure 
for the quantitative determination of the antiscorbutic vitamin. 
Guinea pigi are fed a basal diet consisting of 50 per cent oats, 80 per 
oent skim milk powder heated two hours at 110^ C, 10 per cent 
butter-fat, 1 per cent KaCl. The mmunum protective dose of anti- 
scorbutic is determined, and in addition the degree of scurvy pro- 
duced, as measured by the autop^ findings, retardation in growth, 
and symptoms in life, of a series of animals receiving graduated sub- 
protective doses of antiscorbutic food. When the dosage is calculated 
per unit of body weight it is possible to distinguish the degree of 
scurvy produced for addenda of antiscorbutics differing by 15 per 
cent or less. The percentage destruction due to a deleterious process 
is obtained by comparison of the degree of scurvy produced in a scries 
of standard animals fed a similarly graduated series of doses of the 
treated product. The probable error of the mean in a series of live 
or more animals is less than 4 per cent. 

Sherman, LaMer aad Campbell, Scieace, Aug. 26, ld21, 179. 
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The accurate evaluation of much of the earlier research is difficult 
on account of the lack of data aa to the actual food intake. With 
reference to this, Osborne and Mendel " say: 

If no account of the food eaten is taken the outcome of the experimenta 
may be irfioUy mideadiiig. Some prdiminaiy experiments appeered ftft fint 

sight to indicate a marked superiority of barley proteiiM compared with tboae 

cf '.vheat or rice ; but v.-hcn gains of weight per gram of protein eaten were 
calcuhitea thia superiority entirely disappeared. It is tlius plnin that experi- 
menta which have hitherto purported to show the relative nutritive value of 
differttit food produets in reapeet to any one of their eooatituenta have no 
eompamtive value imleaa the amount eaten ia known. 

Chick and Hixme criticize most of the research on vitamins on 
the ground that the consideration of quantity has been overlooked to 
a large extent in tiie experimental methods adopted, and that the 
conclusions drawn have been correspondingly untrustworthy. 

In com]j;innR the value of a series of foodstuffs as regards their 
value in content of some accessory food factors, the first step neces- 
sary, according to Chick and Hume, is to determine in each case the 
ff^iwiwffim daily dow iHucii will maintain health in the experimental 
animal and to inatitute compaiiaon between these amounts. Tliese 
daily doses should be as large as can be tolerated before it is safe 
to deny to a foodstuff any value in respect of the particular aceessoiy 
factor under consideratioo. Neglect of this simple and fundamental, 
but admittedly tedious procedure is evident in much published work 
upon the influence of various treatment upon the antineuritic and 
antiscorbutic and other properties of certam foodstuffSi and the results 
obtained are in consequence vague, and may even be erroneous. For 
example, if a foodstuff is rich in any particular accessory factor and 
ia fed to an animal in large excess of the amount actually required, 
any destruction of the factor that may take place during heating can* 
not be assessed and may even remam undetected if the heated material 
is fed in similar large amount. It is held necessary' to determine the 
minimum required in both ct^c^, and to institute n romparison be- 
tween these two results before any satisfactory conclusion on this 
point can be drawn. 

The methods used by Osborne and Mendel and by Hopkins for 
determining the food intake have already received mention in this 
volume. Where possible, it seems distinctly advantageous to feed 
the material to the tested separately from the basal ration, so that this 

Osborne and Mendel, J. Biol. Chem. 34, 533, 1918. See alao Stee&bock^ 

Boutweil and Kent, Ibid. 35, 518, 1918. 

M Chick and Hume, J. Biol. Chem. 39, 203, 1919. 
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can be eatitii&ted separately and no error may be introduced ahoidd 
the animal fail to consume the whole ration. 

It 18 evident from the foreg(nng that the problems of vitamm re- 
search are far from nmple» and that the correct interpretation of 
the results requires an extensive knowledge of all the detail of the 
eiperiment. It is extremely difficult, as Davis " has pointed out, 
to secure uniform results in one laboratory, much more so to evaluate 
and correlate the results from a hundred different laboratories in all 

parts of the world. 

In an attemjjt to develop a simple standard test for at least one 
vitamin, B, R. J.Williams and Bachmann have both made use of 
the fact that certain yeasts fail to grow satisfactorily in vitamin-free 
media, whereas on the addition of vitamin, growth takes place at a 
rate which is at least rouglily proportioned to the amount of the vita- 
min present. 

Bachmann ' * noted lhat Saccharomycetes grow better and ferment 
more readily in a medium containing small amounts of organic 
material but vary in thdr needs for traces of organic matter other 
than sugar. Some will grow in a solution of inorganic salts and sug^ 
even when introduced in small amounts^ as observed by Pasteur, A 
certain yeast isolated from fermenting canned pears was found not 
to grow in or ferment Nageli's sohition unless intarodncsd in ve^r large 
amounts or some organic substance was added. The substances which 
cause fermentation are those whidi have been found to be rich in 
vitamins (especially water-soluble B), sudi as yeast extract, vegetable 
juices, milk, and cabbage extract, aiqiarently containing the most effi- 
cient vitamins for yeast. 

It is suggested that in a heavy inoculation some of the ceils are 
dead, or that because the medium is unfavorable some may die, and 
that from these dead cells soluble substances that are stimulating to 
growth and fermentation of other cells diffuse out into the mediimi. 

The liqiiifl medium usfd for testing vitamin requirements of yeast 
was Nageli's solution, composed of 100 cr. distilled water, 10 g. 
dextrose, 1 g. ;aiiinoniiim nitrate, 0.05 g. caieium phosphate, 0.5 g. 
potassium acid pliosphate, and 0.25 g. magnesium sulphate. 

None of the salts were especially purified by recrystaliization. Dur- 
ham tul)es were usually used to show gas production and the amount 
of gas produced, approximately 8 cc. of Uie medium being placed in 
these tubes. 

•« Davis, J. Home Ec, 12, 206 

M Bachman, J. Biol. Chem. 39, 235-67, 1919. 
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Of two stnuns of yeaat acainmedy one, an aoroble type, waa able to 
eauBo f eniwntation in a iftwdhiin fflmtaming little or no vitanmui) iribile 
the other, whieh does not produoe a aurfaoe film and is theiefo^ 
anamoMe, will not femient except in the preaenoe of vitanuna. 

Williama used an entire^ different technique, but came to the same 
general conclusions as to the importance of vitamins in the life- 
processes of the yeast cell. His method consisted in making a hang- 
ing drop cultm^ of a single cell, and noting the rate of multipliQaUon. 
A single yeast cell can be caused to produoe from one to several 
thousand cells in 24 hours by varying the vitamin content, and it 
was found that the number of cells produced under given conditions 
in 18 hours is directly proportional to the amount of vitamin added. 
Inasmuch as several invepti gators have used tliis method or a modifi- 
cation of it, the experimental details are given, although "Wiiiiams 
himself has now superseded it by a gravimetric method wliicb he 
asserts to be more accurate and more easily applied. 

The medium used was made up of purified reagents as follows: 
saccharose, 20 gm. ; ammonium sulphate, 3 gm.; potasbium dihydrugon 
phosphiitc, 2 gm.; asparagiiie, 3 gm.; calcium chloride, 0.25 gm.; 
magnesium sulphate U.25 gm., all made up to 1 liter with distilled 
water. The media was sterilised at 10 pounds pressure for 10 minutes 
and kept in the refrigerator. 

A suspension of yeast eells waa made in about 30 cc. of sterile dis- 
tilled water* Duplicate test solutions were prepared quantitatively 
by taking 25 ec. of the synthetic media and 1 to 5 cc* (di^wnding upon 
the oonoentrations) of a definite solution of the unknown extract 
This was diluted to 30 cc. (using sterile water if needed). The mix- 
ture was sterilised and 1 cc. of the yeast suspension added. After 
mixing, thirty-six drops were made with a fine pen point on a 
cover slip that had been coated with a very thin fihn of purified 
vaseline. This slip was inverted and sealed tightly on a hanging drop 
slide. Each drop was examined for single yeast cells, the observations 
were recorded, and the time was noted. The slide was then placed 
in the incubator at 30° C. and the readings were made again in 18 
hours. In case the nrnnbnr of cells in each drop at the end of this 
period exceeded 75, the determiuation was repeated using less of the 
unknown. Similar tests were run on the synthetic media as a control. 
After correcting for this blank determination, the rate of growth in 
terms of yeast cells was* calculated per gram of the original unknown 
material. This method was used satisfactorily by Emmett and 
Stockholm " but Whipple found it unsatisfactory.^'^ 

w Bmiaett and Stockholm, J. BioL Chem. 43, 287, 1020. 
M Whipple, J. Bid. Chvn. ITS, lOO. 
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As Williams himFself jiointa out the in(.'thod is far from ideal for 
general use since somu practice is necc.'^sary before it onn be applied 
with any confidence, and a personal factor is mtroduced to quite 
an extent. Williams' gra\ imutnc method, which he considers pref- 
erable, is carried out as follows: 

The medium contains 

SOU fU. of cane saiijnr. IS gCCl. of afT^arapinr 

3.0 ** " arnmoiiiuui sulphate 025 ** " (aUcium chlond 

2.0 ** " potassium dihydrogen 0.25 " " fnajn^iiim sulphate 
phosphate. 

All dissolved in 1 liter of distilled wftter. 

One hundred oc. of this solution are put into a 500 cc. Erlenmeyer 
flask and a known amount of the solution to be tested is added. The 
volume is made up to 110 cc, the flask is plugged with cotton, steri- 
lized or pasteurized to kill all vegetable organisms, cooled, and 

brought to a temperature of 30° C. in an incubator. 

A yrn'^t sij?pcnsion is made by wcidiinn; out 0.300 gm. of fresh 
Flcischmann's yea«t fpmr\ll cake m tm-foil) taken from the center 
of the ( akp; this is made infx) a paste with a very small amount of 
water and suspended finally m 1 liter of sterile watc^r. 1 cc. of this 
suspension well shaken and freshly made is introduced into the cul- 
ture mediimi with a sterile pipette. By tlus means 0.3 mg. of yeast 
is used for seeding. 

The flasks are then put into the incubator and the yeast is allowed 
to grow undisturbed 18 hours at 30' C, when the growth is stopped 
by the addition of a little formaldehyde solution. If the seed yeast 
has not been kept in a refrigerator continuously since manufacture, a 
very rapidly growing wild yeast may appear to a sliglit extent, float- 
ing on the surface of the solution. This should be removed by lifting 
it from the surface wiUi a small piece of fine copper gauze attached 
at right angles on tbe end of a i^aas rod or tube. This removes 
practically none of the other yeast, most of ndikfa settleB to the 
bottom. 

The yeaet is then filtered off on a weired " Qoooh " crucible, pn- 
pared with paper underneath the aabeetos, washed thoroughly with 
water, finally with a little alcohol, dried for 2 hours at 108* C., and 
weiglied after an hour's cooling. Hie ** Qooch ** crucibles cannot be 
need repeatedly without treatment as the dried yeaet loses weiglit on 
washing with water. 

*v Wiiiiams, J. Bxol Chem. 42, 2oQ, 1920. See edso Swoboda, Ibid. 44, 

m,m>. 
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li no vitamin is added to the solution, the yeast produced will be 
about 2.5 mg. The amount of growth above that of the blank ia, 
within limits, directly proportional to the amount of vitamin put into 
the solution. The results may be expressed numerically and the 
number represents the relative purity of the preparation tested or 
the yalue of the material tested as a eouiee of this vitanmL Hie 
''vxtamin Dumber" of a material may be defined as the nmnber of 
milligrams of yeast produced by the addition of its extraet, minns that 
produeed in a control solution^ uider given conditions and within cer- 
tain limits, computed to 1 gm. of the oripnal material tested. 

Of this procedure Williams observes that the vitamin to be tested 
must be in solution. No method of extraction is outlined. According 
to Williams nothing except vitamin (especially in smaU amonnto) is 
able to produce more rapid growth, hence the vitamm does not need 
to be prepared especiaUy free from other materials, as impurities in 
all probability will have no accelerating effect. The total amount of 
material added ordinarily will be much less than 0.1 gm. In using this 
method for vitamin determinations, precautions must be taken that 
the vitamin is extracted quantitatively from the material in question. 
Investigators have found that this is difficult to do, especially from 
some materials. In the handling of the extracts care must be taken 
that toxic substances are not introduced or formed which will counter^ 
act the effect of the vitamin which may be present. This is true 
also of animal feeding experiments where poisonous substances must 
be avoided. Treatment of material with acid especially at high tem- 
perature nr overheating in the dry condition frequently produces 
Bometliing toxic in yeast, while treatment yrith nlkidi rnay destroy 
the vitarniti. In some extracts the vitunnn is destroyed to an ap- 
preciable extent if kept at the boilintr temperature an hour or more. 
An autolysate of yeast is not a desirable material as a yeast nutrient 
as inhibiting substances appear to be present. If the amount of growth 
produced is not proportional to the material added, but falls off with 
the larger quantity, it is pood evidence that something toxio is present, 
v.hich becomes more potent in the higher concentration and counter- 
acts the effect of the increase in vitamin. This can be cunfirmed by 
microscopic examination of the yeast produced, which reveals smnli 
granular irregular cells or other abnormalities, it is mainly tlue to 
the possible presence of toxic substances that two dilutions should 
be used for a determination. If toxic substances are present the results 
from the lower concentrations are mm reliable. 

A comparison of the vitamin conteDt of various foodstuffs as de- 
tennined by Williams with yeast and by Osborne and Mcndd with 
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rats gave for the most part fairly concordant results." Where dii- 
erepancies exiBted there are some indications that vitamin C migj&t 
be Mting as a aeoood factor in ^-^fn^'V-^^g yeast growth. Hie yeast 
teet indicatee a higlher yitamm ooofceDt In bakera* yeaat than in 
brewers' yeast, whereas the ammal tests indicate the reverse. Yeast 
CKtraets sppear, however, to exert a speeifio iniluenee on different 
varietiee of yeast, since extract of brewers' yeast was found to be a 
better stmmlant for the growth of brewers' yeast then bakers' yeast 
extract, while the latter had more influence on the growth of bakers' 
yeast 

Eddy and Stevenson expenmented with both the Bacbnuum and 
the first Williams methods of quantitative stndy of vitamin oontent, 
and finally devised a modification of both which they report as 

Batisfactory. 

A pair of capillary pipettes is made and calibrated to hold one unit, 
the unit being arbitrarily chosen, in this case a drop of mercury weigh" 
ing 04)108 g. After steriliiation these tubes are ready for use. A 
pure culture of Fleischmann yeast is maintained on an agar slant, 
a transplant being made to fireah agar 48 hours before beginning the 
test. At the end of 48 hours as small a portion as can be taken up on 
the tip of a needle is transferred to 10 cc. of sterile Nageli solution 
(100 c. distilled water, 10 g. dextrose, 1 g. ammonium nitrate, 0.06 
g. potassium nrid phosphate, 0.25 g. magnesium sulphate) and the tube 
then shaken for t.vo or three hours m a mrrhanical shaker. Tliis 
proems docs not uivc nhFohitely uniiVirrn ^suspensions and nrrrisional 
clumps fire foun i, but thcj^e cm lie reinoMjd for the most part by 
slow centriiut;iii^ and the method has been found satisfactory for 
results if contrulle<l by a suOicient number of tests. The uniformity 
of the suspension is tested before use by drawing up with the pipette 
5-10 units of the suspension and blowing them out on a glass slide 
where they are fixed, stained, and the cells counted. 

Wlien a fairly uniform suspension is obtained one unit of yeast 
solution is drawn up into the pipette and one unit of sterile vitamin 
solution. These are mixed by muuipukiting the bulb, the pipette is 
sealed at both ends, and the sealed tube incubated lur a, iuiLal le in- 
terval of time, usually 20 hours at 35° C. At the end of the time the 
tips are broken at each end of the pipette, a bulb is placed on the large 
end, and the contents are blown out on a elide, fixed and stained. 
For a counting slide, Eddy and Stevensmi use an radinary micro- 

wniiami. J. BioL Cbem. 46, 113, 1921 
M EOd^ and gtevensoOt J. BioL Owm. 43, 206, 19XL 
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mope slide on which Smm, squares are etched. The Bise holds the 
contents of a pipette, pennita eaw of operation when counting with 
the mechanical stage, «m1 allows the content of ten to twelve pipettes 
to be placed on one slide. For control, another series of pipettes is 
prepared and filled by drawing up a unit of the yeast suspensioii 
without the unit of vitamin. These are incubated and counted in the 
same manner. 

The method was tested with small quantities of Funk's antineuritie 
vitamm as prepared by him, and the results seemed to strengthen 
the conviction that this is the responsive causative agent in stimu* 
lating the growth of the yeast cells. 

Experiments with orange juice showed that the cause of the stinra- 
lus is nearly quantitatively removed from orange juice and from navy 
bean extract by shaking these extracts with Lloyd's reagent. Since 
Seidell has shown that this reagent ranoves the curative factor for 
polyceuritis these results would seem to add to the other evidence that 
the test is specific for the B vitamine. 

Tests with guinea pigs showed that the treatment v.itli Lloyd's 
regeant did not remove C, in confirmation of the results ol Harden 
and Zilva,*<> therefore it is assumed that the C is not responsible in 
any way for the yeast stimulation. 

In estimating the vitamin content of foodstuffs by this method, the 
probable range of variation in the suspension used was first determined 
then five to ten tests were made on the substance under examination, 
and from these all zero readings were eliminated and the rest averaged. 
In doubtful TRSP?* this repeated as often a« necessary. 

Funk and Dubin -'^ liave devised a simplitied yeast test which they 
believe is valuable tor determining the approximate vitamin activity 
of a given food substance, although the presence of inhibiting sub- 
stances may interfere with the reaction to such an extent that the 
nietiiod cannot be used for comparison of the vitamin content of 
different substances. They prepare yeast suspension by shaking 
a looplul of a forty-eight hours' pure culture of yeast in 100 cc. of 
Nageli solution on a shaking machine for three hours. Measured 
quantitiet^ of tliis suspension are then incubaUid for twenty hours at 
30* in tlie presence of the unknown vitamin solution, control tubes 
with a vitamin solution of measured strength being employed. After 
incubation, the fermentation is stopped by heating the contents of the 
tubes at 7&* for a few ndnutes, and the anunmt of yeast is estimated 
by centrifugalizing in a specially calibrated tube. XJnng autolysed 

M HsfdMi and Zil^ Bicdi. J. xu, 03, 191& 
« talk and DnUa^ J. Bid. Ghem. 487, ItSO. 
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yeast as a standard they plotted a curve by means of which the vita- 
min content of an unknown substance can be expressed in terms of 
the standard. The method is said to be sensitive to O.OOOl cc. of 
autolyzed yeast, but the test is best arranged so that the ainounls 
of unknown substance used correspond to 0.05 cc. of autolyzed yeast. 

Sousa and McCollum*' also introduced certain modifications of 
WilHamfl' early procedure, but their study led them to conclude that 
the method was of Uttle iraliie to a test for the praeeiice of the anti- 
neuritic factor. Instead of a pen for distributing the drops, they 
used a atatuuner syringe needle having an opening at riglit angjles to 
its aads, the needle being attached to a piece of glass tubing by a 
diort piece of rubber tubing. It was found that a fairly uniform dis- 
tribution of cells could be obtained in this manner. 

In order to avoid the difficulty caused by lack of uniformity bv 
development of yeast cells a Levy blood-counting chamber was used 
instead of the cover slips used by Wllliama. Comparison of the two 
methods showed that a more even and reliable result can be obtained 
by the use of this procedure. Th^ tested the growth-stimulating 
effect of aqueous extract of wheat germ made by boiling the germ with 
water. The results showed clearly that there is a stimulating effect 
of the extracts on the rate of multiplication of yeast and that in 
general the greater the amount of extract added the more pronounced 
the acceleration. Similar results were obtained with the use of al- 
coholic extract of wheat germ. 

A set of experiments was made with wheat germ extract treated 
with 2-4 per cent of sodium bicarbonate and autoclaved, in order to 
destroy as much as possible of the antineiuritic substance. Addition 
of these extrn<^fs exerted a profound stimulating effect on the growth 
of yeast, but the extent of acceleration of |2;rowth was not propor- 
tional to the amount of extract added. Thi^ c^erm wnf \i?ed in ?i 
feedinej oxpenment with rats to show w-hether it still citntainrd ;iny 
appreciable amount of B. The ratifni c onsisted of casern (18% ), 
treated wheat germ (15%), butter-f:it i.5%l, salt mixture (3.7%), 
and dextrin (68.5%). The animals faded to grow. In a subfe(iii( at 
period rapid growth took place when 3 per cent of untreat^id germ 
w\^s included in the diet. All the antinenritic substance had been 
practically destroyed by heating with alkali. 

In another set of experiments the effect of glucose, with and with- 
out wheat Rcnn extracts, was studied. The results were not always 
consistent, but it was evident that glucose had a profound stinnilnting 
eflect. In ooc case ^eator prowth was secured by adding to 10 cc. 
•3 Sousa aad McCollum, J. Biol. Chem. 44, 113, 1920. 
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of the control solution 1 cc. of 10 per cent glucose solution than was 
obtained by addition of 0.1 cc. of 75 per cent alcoholic extract of wheat 
germ without additional glucose. No modifications which were intro- 
duced were successful m mducing conrordant results. It scorns im- 
possible to avoid irregularities due to the mtroductiuii of injured cells 
or cells of low reproduction power into the test specimens. 

la a set of experiments various extracts so treated (with heat under 
IireBsiiro in praKnee of sodium bicarbonate) that they were no longer 
capable of fmxlttGing growth in rate were found to be still very effeo* 
tive in stimulating growth of yeast Among these were extradis of 
fresh beef made by bmling the latter with water after it bad been 
treated with 2 per cent sodium bicarbonate, moistened and allowed 
to stand for three hours, then autoclaved for one hour at 15 lbs. 
pressure. Extract of rolled oats similarly treated was also used. 
Itie oata so treated were fed to young rata in a diet of rolled oats, 
gelatin, cas^, salt, butter-fat and carbonate of lime. The animals 
failed to grow. After 41 days 3 per cent of untreated wheat germ 
was added to the diet to furnish the antineuritie substance. The ani^ 
mals responded at once with rapid growth. 40 per cent of untreated 
oats furnished an abundance of antineuritie B, for growth. The treat- 
ment with alkali had, therefore, destroyed its content of this substance 
while leaving the yeast growth-stimulating power apparently unim- 
paired. Similar results were obtained with extracts of merit which 
had been digested either with alkali or acid. Souaa and McCollum 
state that so far as their knowledge permits them to judge these 
digested meat extracts could serve INH^ as a source of amino acids 
since the treatment was sufficient to reduce the proteins practically 
to the amino acid state, and, since muscle tissue is, even in the fresh 
condition very poor in the antineuritie, B, factor, the same meat after 
hydrolysis with stronp: piilphuric acid would scp.rrrly contain ;i trace 
of it. Yet these meat extr;ict^ exerted a strong influence on tiie rate 
of development of yeast, approximately doubling the number of cells 
coimted after 20 hours incubation. 

If, then, glucose and amino acids can exert such stimulation on the 
growth of yeast it would seem to he conclusively demonstrated that 
the use of yeast as a test organism lor determining the presence or 
absence of the antineuritie dietary factor is complicated by so many 
disturbing factors as to make it of little if any ^ alue. 

Confirmatory evidence has been obtained by Eddy, Heft, Steven- 
son and Johnson " that the yeast teat is not a quantitative measure 

" Eddy, Heft, Stevenson and Johnson, J. Biol. Cbem. 47, 249, 1821; J. S. 
C I. 1921, 7 I'd A. 
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of the conteDt of vitamin B. The presence of B, however, possibly is 
one of the factors causing the stimulation of the growth of yeast by 
vegutuble extracts. 

Moreover, evidence has been accumulated which appears to demon- 
strate Gonelushrely that yeaai can qmtlisdie the vitamin B which it 
requires. Fulmcr, Nelaon and Sherwood found that yeast would 
grow for mooths in a vitamin-free medium, at two^hirds the rate 
manifested in wort. Alcoholic extract of alfalfa stinnilated growth, 
but heating the extract with alkali did not destroy this effect^ and 
alcoholic extracted malt gave xeauUs like untroited malt Tlie 
growth was markedly influenced by the concentration of the ammo- 
nium salt used as nutrient, and by the presence of colloidal sub* 
stances. They concluded that it is unwarrantable to state that any 
one substance is indispensable until the best synthetic medium for 
yeast has been developed. A study of ihe effect of alcoholic extracts 
of wheat embryo r\nd lucerne led thorn to the belief that the growth- 
stimulant present in these extracts was not identical with vitamin 

MacDonald and McCollum grew yeast in nutrient solutions free 
from vitamin, and found that a pure culture grew as well at the end 
of a series of 15 consecutive seedings in this solution as it did earlier, 
and concluded that the yeast plant must either be able to grow with- 
out vitamin or else to synthesize this factor in sufficient quantity for 
its own* use. The latter assumption finds confinnation in the work 
of Nelson, Fulmer and Cessna, *^ who made 180 consecutive seed- 
inffi of yeast hy adding 1 c. c. to fiO c. c. of a solution oontaming only 
carefully |)urified salts and sucrose. The cooceotration of the original 
constituents in the final solution was only 1 x 50-^, yet it con- 
tained enouj^ vitamin B to restore rats, fed on a vitamin-poor diet^ 
to normal growth. 

It seems highly probable that the growth-stimulant of the American 
investigators is identical with the " bios " of Wildiers, Amand and 
Device,** but it is as yet impossible to say whether this is the same 
as vitamin B or distinct from it. Frankel and Schwarz** en- 
deavored to isolntr the nccelernting substanoe from rice and yeast 
sediment, but the attempt was unsuccessful. 

fl* Fu!mer, Nelson and Sherwood, J. Am. Chem. Soc. 43, 191, Ittl. 

S-.'c Emmctt nrid Stockholm, J. Biol. Chem. 43, 287, 1920. 

•« MacDonaid and McCoiium, J. Biol. Chem. 45, 307; 46, 625, 1921. 

«T Nelson, Mmer and CeMtu, X Bid. Chem. 46, 77, 1881. 

«• Wildiers, La Cellule, 18. 313, 1901; Amand, lb. at, 329. 1904; DevloCw 
lb. 83, »l, 1906; Ide, Centr. Bakt. Abt. 2, 1907; t8, 193; J Biol. Chem. 46^ flSl, 
1831. •» Frankel and Schwarx, Bioch. Z. 112, 203, 1920. 
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Id Hob connection the experiments of Schweizer are interesting. 
The action of Tarious fractions of autolysed yeast upon living yeast 
suspeoded in pure sucrose solution was measured hy the amount of 
carbon dioxide evolved. The fractions used in the first series of ex- 
periments were the aloohol-sduble and alcohol-'inaoluble portions, and 
in the second series the cell walls and the cell contents, in both series 
the separate action of the fractions was small compared with that of 
autolysed yeast itself. In each case the two fnx^om when reunited 
appeared to have the same effect as the original yeast. 

Emmett calls attention to the variation in methods employed by 
different observers in the study of vitamins and recommends that 
standardised methods be adopted; his suggestions are: 

U Than flhould be a itrici unifcniiily in the bual dieti. Tbm, in the ease 
of the growing rat, we should agree upon a basal diet that is complete for nor- 

mal growth and TTproduction ; upon one de'ir-irnt only in ihc vratcr-soliiblR /? 
vitamin, find upon one deficient only in the fat-soluble vit-miin or vitamins. 
And m the ca^ uf the guinea pig, we should have a complete basal diet and 
one defident in the wateMoluble C. In fheee dfets, it thould be ondentood 
that the percentage of i»oteui, carbohydrate, fat end mineral salts, and the kind 
and quality of these nutrients should be tlic same throughout, for the particular 
purpose intended. That is, all laboratories should xise exactly the same basal 
dieta. it would then be possible always to employ these rations for the normal 
and pathological control groupe and then to compere with these control findings, 
the reeulti obtained from any other combination of nutrients that seemed denr* 
able in connection with a particular phase of a vitamin project that one mi^t 
have un ler way. That is, if the control data obtained irom th^ basal diete 
were always reported along with the experimental results, it would be easier to 
iatevpivt and compare Ae concliieioiia from different worken. 

2. In the preparation of these basal diets* definite nietho<to should be out* 
lined, with respect to detailing just ho^ to purify the various constituents used 
— the proteins, carbohydrates, fat-*^, lind mineral salts. Besides, exact methods 
should be given for preparing the vitamin extracts that are to be incurporated. 
Then again, it diould be stated clearly hoir and in ifhat order these ingredients 
are to be combined; for imless this is done the texture of the ration will often 
vjm' considerably, and thereby nn imintenl icin:il error will be introduced which 
might a^ect the food consumption, and this in turn might iofluenoe the trend of 
the weight curves, etc. 

S. It is equally important that there be some definite statements made irith 
reqieet to the experimental animals. In the case of rata and guinea pigs, the 
age, weight, scr, and cTact phvsirrd rcnrbitinn? should be carefully observed and 
stated. It is known, for example, tJiat, for the best comparisons, the animals 
should be of about the same age and weight at the start, and that younger rats 
•re prefenUe to older ones. In Emmett'e wxk idiere he ured some 3/NIO 
p%eon% he found tiiat it was neoessaiy to coniid^ breed, previous feeding, age, 

V* Scfaweiser, BoD. Amoe. Chim. Sner. 38, 304, 1921 ; J. 8. C. I. July 30, 1921, 
n J. IdA. Eng. Ghem. 1931, UOi. 
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hodjf ccwditimiH, weight, bbmoo of liw y«yr, etc^ in order to obtab fhe best to- 
Bolta in tfltting for the antineuritic vitamin. Also, in the caae oi handling and 

taking care of the animals, it is c.=<-entifil to bear in mind that one should avoid 
exposing: thpm to sudden changes in tejnp( mturc anJ to undue excite incnt, and 
to too m.uch handling. Systematic attention should be given to cleaning and 
diatnfeedng the oifee, bedding, food eape, and water neeptedea. Vermin or 
lice should ba aenqmlously excluded. Special care should be livaD aa animal 
when it becomes appreeiablj' affected by the deficiency disease, and bo on. In 
fact, it is only after considerable experience that one can always be sure the 
effect of the experimental diet is a bigger factor than some of the other variables 
fliat may bava been bitroduoad. 

4. It is very important to state whether the animals are to be force-fed or 
not; whether the food in-take is to be accurately recorded or not; whether the 
rations are to be made frequoitly or in large enough quantity to last for a con- 
aidmUa time; nketfier dm eemaalenogr of llm food or validtt is appreciably al- 
tetttd when fhe diantea in the diet ava made, and, if vitamin otiaeta am to be 
used, whether the animals are to be treated during thoi teet period, or fed at tilii 
juncture a mixture of the bisal diet and the extract. 

6. In the feeding, the question arises whether the rations should be tested 
fiom tha atandpoint of a prophylaetio or a eometivo. That is^ dkould tim teat 
be one of pferentiag the usual decline in weighty etc., iliat oom» about from the 

th'v^nce of the pnrtictilnr vitamin, or should it be one endeflvorinc to brinp about 

a normal respon.'-c after the iininiiii has been affectod? In many ways, it is often 
preferable to fuhuw the latter luuthud. 

0. It ia ywy important tiiat the teata diould be nm long enooi^ to be eondtt- 
ave. Emmett reports instances in the case of llie rat^ where the pathological 
wiimals did not ro'^^ond quickly when pnt upon a curative diet. Sometime-? 
they did not manifest any signs of improvement for almost a week, when they 
began to show the effects of the new diet. Here it is not a case of the vitamin 
being afaaent but eimply a 4|ueetion <rf the animal not eating Uie new imtioo at 
first. When they do begin to take the food, the effect of the treatment will be- 
come very evident. However, the precaution should be taken to make sure 
that any gauus in weight are due simply to a change in the physical nature of 
the food, fendering it possibly more palatable. Noting tiie physioal oondition 
of die animal and eoatiniiaig the test Icmg moug^ will aettle thia p<^t. Where 
it is possible, aa in using extracts, it is generally much better to keep the basal 
diet the same thronphnut and give the animals definite doses of the extracts. 
In this way, <me can make sure that the material has been consumed. This, of 
eoune, eamiot be done lAere one wiahea to teet a food in ita entirety. 
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DIBXART FACTORS OTHER THAN VITAMINS 

It IB a Bdf-evideni fact that ooneliiaioiiB conoeniuig any ane factor 
in a diet will be reliable only if the ration fed is entirely latiflf actoiy 
in every respeet eave the partieular factor under investigation. Much 

of the early work on vitamins was unsatisfactory because of the 
faulty character of the basal diet, the fault being due to lack of ade- 
quate knowledge rather than to any carelessness on the part of the 
investigators. In recent years great advances have been made in our 
knowledge of Uie quantitative composition of the natural foodstuffs 
and of the requirements of young and adult animals, especially with 
legard to nmino acids and mineral salts. 

McCollum is responsible for the introduction of what he has 
designated "biological analysis" of foods, that is, a systemntic series 
of feeding experiments in which first one dietary factor at a tune, and 
then if necessary combinations of two or more factors, ptve altered in 
order to ascertain the true function of each. This method is very well 
illustrated by the experiments of McCollum and Davis on the dietary 
value of the wheat grain.^ 

It waa reaaoned that, since all the dietary easentials, except possibly the 
one which is not pre^nt in vegetable fats, are certainly present in the wheat 
Icemel, the faults in the latter must depend upon a lack of the unknown substance 
oontuned m fautter-f at, or on the qnantity of Maw one or moie of tko mll- 
reoQsniied ooMtitusnta of the diet It aeemed possible to diaoover by meeiie 
of a systematio leries of feeding experiments in which the quality of the seed 
ehotild He improvod with respect to one dietary factor at a time, which factor 
was interfering witii growth. Aoc(vding]y wheat was fed in the foilowmg combi- 
nations, and with the resolts noted: 

(1) Wheat aJone no growth, short life 

(2) Wheat plus purified protam no growth, Aort life 

(8) Wheat phte a «lt aiiitttn iriuch gwe it a mineni eontent atmilar to that 

of milk ....Teiy little growth 

U) Wheat plus a growth promoting lat (butter-fat) no growth 

Vma these results it seemed apparent that either their working h^'pothesis 

regarding the factors which are neo^sary in nn adequate diet, must be wrong, 
or there rnusi be more than a single dietary fuctcr of poor quality, and jointly 

1 McCoUoia, "Newer Knowledge of Nutrition," 1919, p. 20. 
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responsible for the poor nutritioa of the am mala. In order to test th:s theoiy 
another aeries of feeding experxmenLb waa carried out m which wheat was fed, 
■upplenMntBd wiCb two pinifiod food additwM. 

(5) Wlmt phiB protein, plui Hw Bilt murtim Good growth for • timo. 

Few or no young. Short life. 

(6) Yfhmi pin praCeiii» plus a groirttHproiiiotiBg fit (bottei'M... .No growth. 

Short life. 

(7) Whwk plw Ibo nU mixture, plus the growth-promoting fat (butter-fat) 

Vur growHi for a timo. Few or no joung. Short Uf«. 

Following this method McCollum and his co-workers have made an 
exhaustive study of a great many typicnl foodstuffs and have arrived 
at results of immense pmctical value, which must be taken into 
consideration in all feedmg experiments in which natural foodstuffs 
form part of the diet. In so far as these deal with factors other than 
vitamins they are briefly summarized here for reference. 

Experiments with ine ' showexi that there was very little differ- 
ence in the nutritive value of the proteins contained in whtut, oat 
and corn kernels, and at a single experiment in which the three grains 
were fed together in equivalent amounts there appeared to be little 
advantage through the supplementary action of the proteins from one 
source on those from another. 

Hart and McCoUum* showed that when emoA are leatrieted to 
com meal and gluten feed little or BO i^'owlh ean be aeoiiredy but with 
an addition of saltSi making the entire ash content of the ration very 
nmilar in quality to that of milkp growth appronmating normal was 
seeured to at least 275 pounds. On an ezolusive diet of wheat knnnl, 
growth was agun limitedi both with swine and rats. Gorreeting the 
mineral oontent alone induced a certain amount of growth, but the 
bmefit was only temporary. Supplementing the wheat kernel with 
salts and butter-fat caused the animals to remain vigorous and strong 
lor a very much longer period, am] induced improved growth in both 
species, although not up to normal. When a further addition of casein 
to the extent of 2A per cent of the ration was made a normal curve 
of growth was secured with both swine and rats. A diet of mixed 
grains and distilled water did not allow normal growth in swine. 

In fi study of the influence of protein intake on f^rowth, McCollum 
and Davis * found that there is a progressive increase in the rate 
of growth oa ration^ derived from milk as the plane of protein intake 
is raised between three and eight per cent of the diet, and that, during 

• McCollum, J. Biol. Ghem. 10, 323, 1911 

■ Hart and McCollum, J. Biol. Oiem. 19, 373. 

« McCoUum Aud Davie, J. BioL Caaem. 30, 415» 1916. 
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six weeks at least, a ration carrj'ing but four per cent of protein from 
wheat embryo comparog favorably with a simihir plane of pro- 
tein intake derived from milk powder, and is somewhat better than 
six pQT cent of protein from the entire kernel, on which rats may grow 
at about half normal rate. 

An investigation on the influence of the mineral content of the 
ration on growth and reproduction" led to the conclusions that pro- 
vided the other factors in the ration nrc adequate, young rats can 
grow normally and remain in appareni good health on rations whose 
base content varies widely in amount (from 0.2 to 8 per cent) ; and 
that high acidity is not neoeasarily injurious. 

MeCoUmii and Davii* 8ttt£6d the dietary defidencieB of riee 
and diowed that polished rioe must be supplemented with protdn 
and salts, as well as with vitamiiis A and B, in order to make it a 
complete ration* 

McColliini, Slmmoods, sad Pits * investigated the nutritive value 
of the wheat embryo (commercial preparation) and concluded that 
it contains qualitatively all the factors essential for the promotion of 
growth and well*bdng in an ammal but in amounts which are not 
all satisfaetoiy, the mineral content in particular reqmring modifl* 
cation before growth can proceed at all. The character of the proteins 
appeared to be unusually eKoellent^ an amount equal to 10 per cent of 
the ration being adequate for growth at the maximum rate. Tliey 
state that the wheat germ contains an ether-soluble substance which 
is toxic to animals (rats in this case), which would seem to be con- 
firmed by the observations of Hart, Miller and McCollum* that 
with a large mass of wheat in the ration of swine, tcxcity will follow 
even in the presence of all the recognized factors for growth.* Only in 
the presence of very liberal quantities of all these factors can the 
effect of the toxicity be overcome, no one factor being able to act as 
a complete corrective. The pathological conditions produced by this 
toxioity closely resemble those due to a deficient salt supply. This 
alleged toxicity of the T^-hent germ is however disputed by Osborne 
and Mendel, who found no evidence of it in their exhaustive study 

■ McCoUom and Davis, J. Biol. Chem. az, 615. 

• McCollum and Davis. J. Biol. Chcm. 23, 181, 1915. 

V McCollum, Simmonds and PiU, J. Biol. Chem. 25, 106. 

• Hart, MiUer uid McCoUmii, J. Biol. CfaMn. 3S, MS. 

• 8w dso» Ksfft, McCoQun, Steeaboek a&d Han^hrey*, Ifnt* Nak AmmL 
So. 1917. 3, 374, J. Agrio. Res. 1917, zo» 176; Hart, Steenbock and Humphrey, 
Univ. Wiso. Agric Exp. Sta. BulU 287, 1918; McCoUum, «"*«»»**««i<f tad Fits, 
X BioL Chem. 28, 211. 

M Oabome and M«ndel, J. Biol Chem. 37, 567. 
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of the nutritive value of the wheat kernel and its milling productSi 
and similar conclusioiis are leached by Voegtlia and Meyen.^ 

In a saeond paper on the effecta of wheat feeding, McCdltim, 
SUnmonda and Pitx^* report that they were imable to make up a 
ration contaimng wheat protdns only whieh was adequate for rearing 
the young, even thoug^i th^ varied the protem content fnm ^JS to 
47.06 per cent. Growth appraxmiated nonnal over a wide range of 
protein content^ and the injurious effects of the ration showed in the 
reproduction reoards only. Marked improvements resulted from the 
addition of 10 per cent of casein to a ration containing 36.33 per cent 
of protein from wheat. 

McCoUum, Simmonds and Pits ^* in experiments with rats found 
that the addition of purified protein and salts, or of butter fat and 
salts to maize kernel fails to indiire physiolo^cf\l well-being throiigh- 
oTit the life of an animal, and the addition oi protein and butter 
fat without salts is even poorer. 

The oat kernel was found to contain proteins of poorer quality 
for growth'* than either maize or wheat" the deficiency being sup- 
plemented more satisfactorily by gelatin than by casein. The whole 
oat kernel, with the hulls removed by coarse grinding and jamming, 
fails to induce growth; addition of protein, salt mixture, and butter- 
fat being necessary before anythmg approaching normal growth to 
maturity can be secured, and even with these supplements repro- 
duction is a complete failure. Moreover oats produce feces of a 
pasty character which makes their eHnination difficult and probably 
tends to d^ilitate the animal. The protein of the common white 
bean (Phateolm vulotarii) is of unusually poor biologic value,^ and 
the mineral content also needs supplementing as would appear to 
be the case with all seeds. Moreover the bean appears to eocsrt an 
injurious effect on the rat when fed to high level in the ration, pos- 
sibly due to the introduction into the digestive tract of large quantities 
of the indigestible but readily fermentable hemicelluloaes. 

Curiously, peas (dry split peas) appear to be more satisfactory 
than beans as a food for rats,^* inasmuch as feeding liberal amounts 

u Voegtlia tod Myers, PhbUe Hedth Repft 1918, ss. 84S. 
McCoUuni, SlflBBWndt and PiU, J. Biol. Chem. 28, 211. 
McCoIlum, Simmonds and Pitz, J. Bio!. Owm. 2S, 153, 1918. 
^* Cf. mainteoaaoe value ae given by McCoUiim and Simmonds, J. Biol. 
Chem. 32, 347. 

McCeUom, Sfamneiids and PiU, J. Bid. Chem. 99, Ml. 

^0 McCollum, Sinmionds and Pitz, J. Biol. Chem. 29, 521; Osborne and 
Mendel, J. physiol. Chem. 8o» 307, 1912. See also Johns and Finks, Am. J. 
Piiyaiol. sC 206, 206, 1»21. 

MeCdUon, Sinmioods and Bwsoes. J. BioL Caieni. S7, 287. 
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of peas supplemeoAed with casein, calcium and aodnun chloride over 
ooodderable periods of time permitted growtii to maturity and eiren 
reproductioo, althougli the young could not be reared. Pea jxrotein 
is however veiy unsatisfactory in character."^ A diet containing 20 

per cent of pea protein and adequate in other respects gave a rate of 
growth less good than has been observed with diets containing but 
half as much protein derived from one of the cereal grains. Even 
when supplemented with protein and vitamin A, peas to the extent 
of 85 pet cent of the food mixture cannot support growth, because 
of the shortage of certain inorganic elements, addition of calcium, 
sodiimi, and chlorine being necessary in order to make the diet satis- 
factory for the support of growth at the optimum rate. Two experi- 
ments were made in one of which rats fed on liberal amounts of peas, 
supplemented with protem, A, and snlt mixture, failed to grow satis- 
factorily, while in the other test, rats fed with a diet supplemented 
with essentially the same purified fuitiitum?!, but containmg but half 
as much peas, were mucli better nourislied, and produced what is 
regarded as the normal number of young, although none were success- 
fully weaned. This suggests that there is present in peas some sub- 
stance or substances which prove injmious when taken in large 
amounts. The toxicity, however, if there be any, is slight, and only 
manifests itself wiieu diat^ extremely rich in peas are persisted in 
over a long period. 

In order to ascertain the biological value of mixtures of cereal and 
legume seeds, McCollum and Simmonds^* experimented with mix- 
tures of maize and beans as a diet for rats. The mixture, as was to 
be expeetedi proved deftdeot hi mberal c<uitent and A and in protein. 
The proton m what was apparently the optimum mbcture of 80 per 
cent maiae and 20 per cent beans had Just about one-half the biologi- 
cal value for growth that the total protem mixture in milk possesses. 

A further study of the values of some seed proteins for maintenance 
was made by McCollum and Simmonds," Since it has been re- 
peated^ shown that seeds in general are laddng in three dietary 
factors, mineral content^ A vitamin, and protdn, it follows that if a 
particular seed is fed supplemented with both salts and butter-fat» 
the limiting factor la the quality of the protein. In order to determine 
the relative value of the total protein tiie following method was 
employed: 

(a) Tb6 seed sui^lemeoted with the necessary salt and butter 

»n» See Sore, J. Biol. ChaoL 40, 418, IflU. 

^> McCollum and Sixnmonds, J. Biol. Chem. 32, 29. 
» McCoUnm and Simiiioiids* J. BioL Gbem. 33» M7. 
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fat is fed alone; (b) a pure carbohydrate is added to produce a low 
protdn miztare; (c) the supplemented seed ia fed with a protdn 
preparfttion from the same seed so ae to raise the plane of pioteiii 
intake to hli^er levels. The results show the relative value of the 
total protein of the seed as conipared with that of other seeds. It 
was found that with rats tax per cent of wheat or maiae proteins 
just auflke to maintain the animala in body welglit, while four per 
eeni of oat proteins maintained them in distinctly better condition 
as judged by their appearance than did rix per cent of wheat and 
maize proteins. Flaimeed proteins appear to have a still lower bio- 
logical value when fed as the sole source of protein. It requires 
about eight per cent of flaxseed proteins in the food to maintain a full 
grown rat. Millet seed proteins possess a somewhat higher value for 
maintenance. Pea and bean proteins possess about the same biologi- 
cal values when fed alone, both being inferior to either wheat or 
maize. The value of the bean proteins is enhnnced by the addition 
of oat proteins while that of the pea is not. Contrar) to the conclu- 
sions of Thomas,"* the proteins of polished rice appear to be of 
about the same quality as thorfc of wheat and maize. 

When mixtures oi speeds are fed there is some improvement in the 
biological values of the prriems over those derived from a single 
seed. McCollum and Simmonds aver that in certain cases the 
value ol such mixtures doubtless are higli, but with simple nnxtures 
of the cereal grains they were not able to demonstrate a high degree 
of efficiency as a source of protein in any case. 

Since young rats are able to grow at approximately half the normal 
rate on food mixtures in which protein from maize, rye or barley 
are present to the extent of nme per cent of the food mixture, and 
which are otherwise entirely adequate, McCollum, Simmonds and 
Panooa** earned on a series of experiments in which the food con- 
tained nine per cent of protein derived from two seeds, one furnishing 
two-thirds, and the other one-third of the total protein, together 
with adequate amounts of the other neoesaary ingredients, and com- 
pared the growth obtained with that produced by an equivalent 
amount of protein from a single seed. Of the single seeds, wheat gave 
the best results, rolled oats the poorest, but a ration containing eight 
per cent of protein from milk powder was far superior to one contain- 
ing nine per cent of wheat protein. For the most part the proteins 
from the mixed grains seemed to offer little advantage over those from 

Thomas. Arch Physiol. 1909, 219. 
«> McCollum and Simmonds, J. Biol. Chem. 33, 303. 

McCoUum, Simmonds aad Partoos, J. Bioi. Chem. 37, 165. 
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s flbl^ seed for growth, the most fltnkiiig exoepftioii heing a nuzture 
of rye and flaxaeed m which rye funuBhed proton equal to aiz per 
cent and flazaeed half aa mttch, which, for growth, appeared to be 
ahnoat af not quite equal to proteina of milk. A combmation in which 
two<thixda of the protein oame from peaa and one-third from millet 
alao gave good growth and reproduetioni and millet proved to have 
aome BUpplementaiy value when combined with rolled oata alao. 

In no oaae can the neceaaaiy ndneral content of the diet be aatia- 
factorily aupplied from aeeda alone.*" Even with mizturea of two to 
five aeeda,** additional aodium, chlorine, and calcium muat be aupplied 
before any growth can be obtained. 

The value of the leaf ns a supplement to the deficiencies of seed 
rations was studied by McCollum, Simmonds and PiU»^^ who found 
that a mixture of aizty per cent seed and forty per cent alfalfa fiour 
gave much more aatasfactory growth than can any seed diet unless 
extensively supplemented. Sixty per cent of rolled oats and forty per 
cent alfalfa leaf induces nearly normal growth to adult aiie in the 
rat. In this connection McCoUum *" says: 

"Hw leaf prove! to be a veiy diffennt thing from the seed from the 
dlelaiy standpoint. The diy leaf uaually oontams from three to five times as 

much total ash constituents as doea the seed, and is always especially rich 
in just those elements in which the seed is poorest, viz., calcium, sodium, and 
chlorine. It follows therefwe that the leaf supplements the inorganic deficien- 
eies ol the seed. The leaf, in most oases, eontains much more of the dietary 
iHfiiillel. fat-eoluble A, than k found in any seed, so that combinations of leaf 
and seed prove more satisfactory for the nutrition of an animal than do mix- 
tures of seeds alone. The leaf contains protein and amino-acids which result 
from digestion of proteins as does the seed. The amount varies from eight per 
oent of pfolein (nitrogen multiplied by t35) in lueh fleeby leaves as the 
cabbage, after drying, to more than fifteen per cent in the dry alfalfa or clover 
leaf. The seeds vary in their content of protein from about ten to twenty- 
five per cent. The leaf proteins appear, from the data availnbl'^, to Fiippleraent 
and enhance in some degree the value of tiie seed proteins witii which they &re 
flflimfrinml. The leaf supplements, ibenloie, all the uutritivo defidencies of 
the seed, but not neosenuriiy in a hii^ily satisCactoiy manner." 

A Bttidy of the dietary properties of tubers, as represented by the 
potato, showed that dietary props of potato closely resemble 
those of cereal grains. The first limiting factor for growth is a 
relative shortage of calcium, sodium and chlorine, as has been found 

McCollmn, Simmonds and Pitz, J. Biol. Ghem. 30, 14. 
M McCoUom and Simmonds, Ibid. 33, 303. 
>■ McOelliim, Slnmwndi and Pitx, J. BioL Gbem. SO, IS. 
M McCoUun, "Ntrnn Emiedge of Nutohion,'' 1019, p. 48. 
^ McCoUaBiv Rlnwnonfla Mid ParaoM^ J. BioL Cbem. 107. 
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to be the case with seeds thus far exammed. The content of il is too 
low for promotion of mitritaon at opUmum, and the Hological value 
of nitrogen yielded seenu to be of about tiie same order as that of 
cereal grains. The results on the value of the potato nitrogen for 
growth plaee it in a very different lig|it from those reported by other 
invsetlgators who have observed its vahie for maintsnanoe of nitro- 
gen equilibrium in the adult, all ascrilnng to potato nitrogen a biologi* 
eal value considerably greater than that found by McCUdlnm and 
his associates for any of the protein mixtures contained in the more 
important seeds employed as human foodstuffs." 

Ck>oked dried potato can be supplemented by the addition of puri- 
fied protein, sodium chloride, caldum carbonate, and a fat contain- 
ing ii, so as to be satisfactory support of growth at about nonnal 
rate, and to induce reproduction and rearing of the young. The 
mcrtnlity of the young was high and the fertility of adults decidedly 
below normal. Young from thrso rats have grown at the normal 
rate for about three months after weaning, when confined to the 
diet to which their parents have been confined throughout life, and 
one gave birth to three young. 

The beet appears to resemble the potato in general nutritive char- 
acter. Referring to this McCoUum" says: 

'^The fleshy roots of the potato and the sweet potato have an inocganie 
content which resemlilea that of the seeHI in » peneral way, so that an inspection 
of the aa&iytical data relating to the composition of the aah of the seeds, tubers, 
and roots, gave ao prorate that tlw oombinatton in diets of seeds with either 
of tiio latter clasiee of foodetufiCs would oomet the inorganic defidendei of the 
former. Fcrtlinp crpcrimcnt"? ia which a sppd and n tuber were combined, 
and po supplem<„'ntcd witli purified protein, aad frit-f?olul)le A (m butter fat), 
that ail the deficienaes oi the mixture, except the inorganic, were made good, 
have dioim that in tlM oombinatioiui of eikoh of fho move impottnt seeds 
widk the potato, the remilting mineral supply, which is derived aoldy from 
the natural foods themseive? is not of a character suitable for thfi support of 
growth. The content of the clement^, calcium, sodium and chlorme, must be 
augmented by greater amoxmts before such food mixtures are complete with 
leqwot to tiMir ainienl oonbenl. No abidiee hav« to y«t boon tnade to 
lermine the biological value of the nitn^Eon of tho toben Other thaa the potato^ 
and none at all of tJie edible roots. 

^From the results of systematio feeding trials with mixtures of seeds alone 
and tho eeme nith single and multiple purified food additioDS, and the eemo 
typ* ^ apernneiit using certain of the tubers and root foods ia plaoe of tho 
eeedfl^ it ie ihoim that all these deasee of foodetufis leeemblo ono another in 

M Hindhede. Ufesk. Laeger. 79, No? 13, !i, 15, 1917; J. Am. Med. A»o. 
68, 1880, 1917, TlMOMi, Arch. PhyeioL Vm, 210; Soto and Copper, J. BioL 
Chem« 30, 201. 

«• "Now Khowiedfe of Nistritioii,* p. 48. 
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all leap e c to enwpt in the hi^ ooateiit of water in the tubers and roots. In 

the dry state, they are all much like the aceda, but there is one minor diflfrrrncQ 
which should be mpntioned. The most important difference lies in the chur- 
aoter of the mtrogea compouadis. In the seeds the nitrogen is almost ail cuu- 
tamed ia the form of true proton. In tiie tubeia and ediUe rooti mat of 
it is in the form of much simpler oompounda, a part being the aame aaum>* 
aeida which are denved from proteimi on digestkm." 

Rmming parallel with McCoUum'fl experimeEta in biolofl^cal analy- 
Bia is an equally mtereatlng and valuable aeries of papers by Oabome 
and Mendel, besidea various oommunieataona from other authors. 

Oabome and Mendel demonstrated that the proteins are not all 
equally adequate in nutrition, but that their Inologlcal efficienoy 
depends on the amino acids present. Hiey showed that a supply of 
tryptophane in the food is necessary in order to maintun an ani- 
mal without loss, and thai in addition lysine must be present to se- 
cure growth. The rate of growth appears to be limited by the 
proportions of these amino acids furnished*^ 

Frotdns from one source which contain an insufficient supply of 
the essential amino acids may be supplemented by combining with 
proteins from other sources which havo n surplus of those acids 
which the first larks. Thus the lactalbumin of milk supplements 
the inadequate protein of com most satisfactorily/' wiiile gelatin 
is a better supplement for oat protein." 

Studying the comparative nutritive value of different proteins for 
growth by feeding exactly equivalent amuuuts of energy in the form 
of foods with unlike proportions of the individual proteins, and ob- 
serving the minima for growth and the limits of intake for main- 
tenance as shown by failure to make proper gains or to maintain 
weight, Osborne and Mendel conclude that the economy of the dif- 
ferent proteins as nutriments in growth appears to be olosely bound 
up with the oonstitutum of their amino acids. Normal growth is 
attained on a diet containing twelve per cent of casein, but the addi- 
tion of isolated cystine to a diet containing only nine per cent of ca^ 
sein renders it equaOy e£Scient, indicating that the proportion of this 
acid in casein is below the optimum for growth. Lactalbiunin ap- 
pears to be the most efficient of all proteins for growth.^ Rats could 
be maintained without loss of weight with a smaller intake of this 

Oabome and Mendel, GameBie PuUieatioa 166, X Biol. Own. 13, 

473, 13, 233. 

" J. Biol. Chcra. 17, 325; 25, 1. 

«« J. Biol. Chcm. 18 1 ; 26, 293; 29, 88; 44, 1. 

»» J. Biol. Chem. 34, o2i. 

M X BioL Camn. 90, tSL 
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than of any other protein studied," maintenance being frequently 
secured with as little a» five per cent ul lacLalbumm m the diet ad 
the sole source of protein. Wlien corn or com meal formed the chief 
constituent of tiie diet of white rate it was tomd neoeBsaiy to supple- 
mnt this with a protdn concentrate rich in tryptophane and lynne 
in order to secure the beet results.** 

An attempt to determine the relative values of the proteins in the 
various cereal grains proved difficult. The general conclusion was 
drawn that the total proteins of rice and barley, in contrast to those 
of com and oats, when fumisbed in diets containing 16 to 17 per cent 
of protein, supply enough of all the amino acids essential for growth. 

Later there seemed to be some indication that oats can actually 
furnish all the essential nitrogenous units if the intake of food and 
its concentration of protein are adequate, but as a rule, rats failed 
to eat the oat foods very heavily. The value of rye proteins is ques- 
tionable, and wheat appears to bo unsatisfactory as an exclusive 
source of protein,'" since, althoujrh tlio first generation could br raided 
to full adult «izo on a diet containing ten per cent of proUiii irom 
wheat, the second generation on this food failed to grow with nor- 
mal vigor." It appears that the proteins of the wheat endosperm 
are adequate for maintaining adults, but that they are inadequate 
for growth.** Additions of meat, milk, or eggs to wheat flour so 
greatly enhance the value of the prot^iia for growtli that a great 
economy in consumption of protein results.** 

A method of expressing the growth-promoting value of proteins 
numerically was worked out by Osborne, Mendel and Ferry** who 
found that the maximum efficiency of the different proteins or of muc- 
tures of them can be expressed with considerable accuracy in terms of 
gain of body weight per gram of protein eaten, provided the rate of 
growth is fairly rapid. With a diet containing 7.9 per cent of lact* 
albumin the maximimi gain of weight per gram of protein eaten was 
three gram?, which is approximately the maximum growth-promoting 
capacity of lactalbumin. On a similar diet with casein as a sole source 
of protein the greatest gain per gram of protein was 2.26 grams 
when the diet contained 12 per cent of casein. 

» J. Biol. GhMD. 33. 241 ; 26, 1. 

— Proc. Am. Physiol. Soc., Am. J. FbjraioL 40^ 147. 
" J. Biol. Chem. 41, 375. 

*• OtboniA and Mendel* 1. o.; ICcCoUmn, Sinunonda and Paraona, J. Biol. 
Omoi. 37, 155. 

•» J. Biol. Chcm V. 5^7. 
«• J Biol Chem. 41, 290. 
*^ J. hiol. Chem. 34, ^1- 

«* OSbem MMdd and Ftny. J. Bid. caiMn. 87, 881. 



Digitized by Google 



VITAL FACTORS OF FOODS 



For furflier refBranw to faeton other than ▼itamina in the diet see alao: 

McCoilum (Am. J. PhyoioL 1911, 29, 215;. Xhe nature of tiie repair processes 

in protein awtaboliam. 
McC6aam and Dnvii {Ibid, im, 90, 415). Tbo infliunm of protain intake 

on growth. 

Rohmann (Biocli. Zeitachr. 1912, 39, 507). Artificial nutrition. 

Abderbalden (Zeitschr. phyaiol. Chem. 1912, 77, 22). Feeding investigations 
nith oompletely digerted nutrianta. (ibid, 1918, 88, 4M). Sjyntbalie poweia 
of the ovfMUsm of the dog. Ubid. inS, 1). Nitrogenous metabolism. 

Totani (Bfoch J. 1916, 10, 382). Feeding eavccbnente with n diotaiy in whidi 

tyrosine js reduced to a minimum. 
Mitchell (J. Bioi. Ciienx. 1916, 26, 231). Feeding eiqperimenta on tiie subati- 

tution of protein bgr definita mixtiiraa of iaolated amino aeidB. 
Ackroyd and Hopkins (Bioeh. J. 1910, 10, 651). Feeding eiperiniente with 

deficiencies in the amino add supply. 
Hopkins (J. Chem. 800. 1916, 029). Newer standpoints in the itudy of 

nutrition. 

Boekner, Nollnn, and Kaatle (Am. J. FhyeioL 1015, 39, 103). Feeding young 
flhidca on grain nuxInnB of htfl and low lysine eontent. 

Hogan (J. Biol. Chem. 1918, 27, 193). Nutritive properties of maize. 7^"/. 

1917, 20, 485). Maiie as a source of protein and ash for growing animals. 
Sherman, Wheeler, and Yates Ubid. 1918. 34, 383). Experiments on the 

nutritive value of maiae protem. 
Sherman end Wintete Ubid* 1018, OS, SOI). Effieienagr of maise protein in 

adult human nutrition. 
Hart, Halpin and Steenbock (Ibid. 1917, 81, 415). Beliavior of duekv xe- 

stricted to wheat or m&ize kernel. 
Morgan and Beger (Zeitaoh. physioL Chem. 1016, M, 3M). Injurious effeot 

of an eidttBhre oat diet ttttributable to an acid jntoariea t io n . 
Sberman, Wintera and Phillips (J. Biol. Chem. 1910, 80, 58). EfBeieDCiy oi 

oat protein in adult human nutrition. 
Steenbock, Kent and Gross {Ibid. 1918, 35, 61). Dietuy qualities of barley. 
Hart and Steenbock ilbid. 1919, 39, 209). Maintenmee end reproduotiim on 

grains and grain products as the sole dietaiy. 
Daniels and Loughlln {Ibid. 1918, 33, 295). Feeding eiperimenti with peanutL 
Johns and Finks {ihld. 1920, 42, 660). Nutritive value of peanut flour as n 

supplement to wheat flour. 
Richardson and Green {Ibid. 1916, 25, 307; 1017, 30, 243 ; 31, 379). Nutrition 

inTestigations on eottonaoed meal. 
Wells and Swing (Ibid. 1916, 27, 15). Cottonseed meal as an incomplete food. 
Daniela and Nichols {Ibid. 1917, 32, 91). Nutritive value of the 8oy bean. 
Osborne and Mendel {Ibid. 1917, 32, 369). Use of the soy bean as food. 
Rose and Cooper {ibid. 1917, 30, 201). The biological efficiency of potato 

DanidiMmd Kldi (IbO, 80, 87, 1018). The rOle of inoigenie adphatM in 

nutrition. 

Plimmer (J. S. C. L, 40» 227E, 1921). The xelatiTe value of the proteins in 

nutrition. 

Physiology of Protein Meteboltan, CtfSbeut, Landoa, lOU. 
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While the basal diets used in vi^amn studies van with every in- 
vMtigator, almost with each investigation, certain general principles 
are followed. The protein of the basal ration is very commonly fur- 
nished by casein (or caseinogen, see p. 263) , and the carbohydrate by 
other dextrin or starch, the lactose used in the early ej^riments hav- 
ing been found diffioult to purify. Drmnmond ^ reoamnMmds the we 
of rice etarch, which, in the crude etate, is ahnoat entirely devoid of vi- 
tamin and may therefore be employed without any lengthy extraction. 
In order to remove any possible traces of vitamin from the easdn 
Funk resorted to extraction with hot alcohol. This method wae ob- 
' jected to by McCollum and Davis on the ground that the high tem- 
perature might affect the casein imfavmbly.^ Since experiments had 
shown that casein suffers deterioration on prolonged heating McCol- 
lum and Davis thought it unwise finally to extract this material for a 
long period with boiling alcohol, as Funk and McCollum^ had done 
in order to remove all traces of unknown acpps?ory pubstances. 
Through this treatment the value of the oascin may be decidedly 
reduced. 

The method adopted was the following: Casein purified by twice repeated 
precipitation was washed, dried, and ground. It was then placed in a large 
jar having an outlet at the bottom which was closed with a plug of cheese-cloth 
loose enough to permit a Aow passage of water through it. Tha jir wm 
filled with water acidified fvith aoetac add. When it had neariy all drained 
off the jar was again filled. The casein was frequently stirred to prevent its 
forming a conip5\rt mass. This washing was continued during seven or eight 
dajrs, the last twenty-four hours washing being with distilled water. The 
pfodiMt thee obtained i*aa dried and groond. It was very poor in ash. 10-gram 
aamplei yielding but a tmot of ealetum. By this tr^tment practically all the 
water soluble con^titiif^nta were dialyze'^ o-it of the granulea. With casein 
prepared in this way coinliinpd vi-it}\ drxtnn, I utt^'r-fat, and Sftltl no appreciable 
growth was obtained evuu durmg tiie iirst, month. 

Funk and McCallum *^ tested casein prepared by the method just 
given and compared it with that prepared by their own method, with 

identical results. They suggest that heated casein may possibly have 
its value reduced through h^s of C, but this is easily made good by 
addition of orange jiiire to the diet. 
Osborne and Mendel at one time *^ believed that casein prepared 

<^ Drummond nnd Coward, Bioch. J. 14, 661, 1920. 

** Funk and MacaUum, Zeitiohr. f. phymoL C!hem. 02, 17; J. Biol. Chem. 
23. 413, 1916. 

«• MeCottimi and Davis, J. Biol. Cfliem. 31, SSI, 1915. 

Punk and Macallum, Zeitschr. f. physiol. C!i( in 92, 17. 
Punk and Macallum, J. Biol. Chem. 27, 60, 1917. 
*• Oabome and Mendel, J. BioL Chem. 94, 156, 1918. 



Digitized by Google 



58 



VITAI. FACTORS OF FOODS 



by ordinary methods wus entirely satisfactory, without luilher puri- 
fication, for use in experiments with vitamin A. Subsequent experi- 
ence however has led them to modify their views somewhat. In a 
later publication** they discuaa the allegation that the ability of 
animals to grow for some time in the supposed abeenoe of fat-soluble 
vitamins is due to "exceptional vitali^*' of the individuals or to 
reserve stores of the vitamin in the body. Unless one accepts some 
mdefinite expUmataon of this sort, it seems necessaiy, according to 
Osborne and Mendel, to conclude in the lig|it of their experience, 
that removal of the fat-eoluble vitamin from even purified proteins 
and carbohydrates is accomplished witli far greater difficulty than 
has been hitherto suspected. An entirely convincing crucial experi- 
ment, in which nutritive failure immpdifitely ensues upon the ad- 
ministration of diets fully adequate in ever>' respect except for the 
presence of fat-soluble vitamin, remains to be made. It is signifK ant 
that older rats thrive for a longer time than do the younger ones 
oa the same diets nearly if not entirely free from the fat-soluble 
vitamin. This is in contrast witli the well-established fact that at 
all periods the lack of water-inoluble vitamin is speedily manifested. 
They found that rats were capable of appreciable growth for some 
time on a diet of casein or edestin, conmierdal com starch and dried 
brewery-yeast (all of which had been purified by boiling three times 
with absolute alcohol under a reflux condenser for one hour), a salt 
mixture, and lard (either oommereial lard, alcohol-extracted lard, or 
lard rendered at comparative low temperatures in their own 
laboratory). 

Drummond and Coward state that commercial casein contains 

relatively large amoimts of A and that animals may obtain sufficient 
of this vitamin for prolcmged growth from impure casein incorporated 
in the diet. They recommend the use of casein which has been heated 
for 24 hours or more to a tOTiperature of 102* C, in shallow dishes, 
and then subjected to prolonged and continuous extraction with al- 
cohol and ether. 

In all tests on vitnmin A Drummond and Coward'^ recommend 
the use of a hydrogcnated vegetable oil instead of a natural fat, since 
even those vegetable oils which are supposed to be devoid of A are 
not entirely so, Hydrogenated cottonseed oil they regard as abso- 
lutely vitamin-free, however, so far as could be ascertained by numer- 
ous tests. 

*» Osborne and Mendel, J. Biol. Chem. io, 277, 1921. 
BO Dnuxunond and Coward, Bioch. J. 14, 661, 1920. 
tt DranuBcod tod Coward* 1* c. 
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MuiEAAL Salts 

It has been fiequetitly demonstrated that it is impossible to secure 
growth or maintenance if the morganic consUtiMiits of the diet are 
improperly adjusted.*'* The most satisfactory mixture of salts to sup- 
plement a salt-free diet attained to by Osborne and Mendel in their 
early experiments, after many attempts to modify the relative pro- 
portions of the differentiations present, was essentially that used by 
Rohinann*'* 

Bah inistw* I (Rohnraii and Oibonw and M«ad«l) 



Calcium phosphate 10.0 gr^tim 

Potaanmn hydroien pluMpliAte S7i> " 

Sodium chloride 20.0 " 

Sodium citrate , 15.0 ** 

^ffi^esium citrate SO " 

Iron citrate 2X1 ** 

Odeium laetote SjO " 



IOOjO grams 

2JS per e&A of this was incorporated in their salt*free rations. 
Having observed the excellent results attained with rate fed on a 

food mixture of milk powder (60%), starch (16.7%), and lard 
(23.3%), in which the inorganic salts were obtained entirely from 
milk, the idea suggested itself that milk freed from fat and protein 

Scale (Ann. igifliie 99* SIS. 386, 1919; Bzpt Ste. Reond 4Si ^) adwees 

the hypothesis that deHcimry diseases originate in a di^cient mineral nutri- 
tion, either in the !r\rk of certain nnd^ or bases or of complexw? by means of 
which they are transported. In scurvy the inoi^ganic subetance which is lack- 
isg is thought to be phosphates of 13bm earth metals nAich eiwt in food ma* 
teriahi in eonybination with ocsaaie material in the fonn of oonpleiiee, easily 
decomposed by heat and by desiccation. The destruction of these ooroplexes 
tends to bring about a statx* of acidosis and prevents the transportation of cal- 
cium phosphate, etc., to the bones. In beriberi the alkaU phosphates are un- 
able to readi the eentnl aenrow sfitaBi dmmgh Hm deemietiob of the organie 
eomplexee oontaining them and Hub development of a form of aeidoaii. The 
fnct that various mineral substances when added to a beriberi-producing diet 
fail to bring about appreciable benefit is explained on the ground of inability 
to reproduce the exact complexes found in the original food material. 

Loew (Vierteljahza. ger. -Med. 61, 151, 1921) contends that ealeCnni equi- 
librium depends on the nature of the diet A high-Cat diet means a low eaU 
cium assimilation. A decrease in the alkalinity of the blood means a loss of 
calcium by excretion. A prolonged under-supply of calciiim gives rise to diverse 
pathological conditiooa. (See also, Rubncr» Vierteljahrs. ger. Med. 6x, 155 

u Jshraab. f. Thacr. Chem. 660, 1909. 
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might be used with advantage as the source of inorganic saltB. Ac- 
cordingly they prepared a product designated "protein-free nulk," as 

follows: 

Perfectly fresh centrifugated milk, nearly free from fat, was pre- 
cipitated in lots of about 36 liters by diluting with 7 liters of dis- 
tilled water which contained 164 cc. of concentrated hydrochloric 
acid. The flocculent precipitate of casein was strained out on cheese- 
cloth, and the very nearly clear solution was filtered tlirough a pulp 
filter. The filtrate, which at the most was very slightly turbid from 
suspended fat, was tested carefully by the alternate addition of dilute 
alkali and acid to deteradne whettier any more casein could be 
eepaiated from it. Hie addition of aDcali eauaed a slight precipitate 
which did not inereaae on adding more alkali or diasolve on the addi* 
tion of even relatively large anxnmts of alkali. Itiis was pfeiumably 
chiefly calcinm phoephate. The addition of acid in no case caused 
any further precipitation. The filtered milk eenun was then heated 
to boiling for a few minutes and filtered. The filtrate, which was 
in all cases water dear, was then neutralised to litmus with a dilute 
solution of sodium hydroxide and evaporated to dzyness on a steam 
bath at a temperature of about 70* C. Hie product thus obtained 
formed a friable, pale srellow mass which was easily reduced to a 
fine powder by grinding in a milL 

With this preparation, as has been already pointed out, they ob- 
tained results successful beyond their ^cpectations; results which 
have been confirmed by later investigations.** 

Considerable discussion arose as to the amount and effect of the 
nitrogen remaining in this "protein-free milk." In their origjaial coBOf 
munication these investigators say: 

fievenJ grams of this powder were tested for protein by diasohriog in aliout 
30 cc. of water containing a little hydrochloric arid nnd warming gently. The 
solution was then saturated with ammonium sulphate. The precipitate, which 
appeared to consist chiefly of calcium sulphate was separated by centrifugation, 
djiMolved in a little water, and potasBium hydrate eolution and otvper sulphate 
added. The solution diowed no evidence of the biuret reaction imtal it was 
sattjrated with pota.ssium hydroxide and shaken with alcohol. It then separated 
into two layere, the upper alcoholic layer showing a slight but positive biuret 
reaction. Millon's reaction tried on portions of two or three grauui of the 
sttbstanoe did not give a potittve xeaetion. Nitrogen determinatioiie in several 
lots of the protein-free milk powder thus made showed Hatm to contain 0.60, 
0^, 0 GO, 0.72, 0.71, 0.67. 0.75, per oent of nitrogen. Munk statee that if the 
Osborne and Mendel, Cam. Pub. 166, Pt. 2, p. 80-81. 
Wheeler, J. Eiper. Zool. 15, 209, 1913; Mitchell and Neleon, J. BioL 
Chem. 23, 461. 

M Muak^ Viidum^ Aidur. t ptfh, Aaat IM^ Vn, UBS. 
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proteins of zxuik are precipitated by alcohol, or aeparated ivmyniing to Hoppe- 
Scgrler, from ooMUrttetii to one^flfleeiith of tha proteb ramuiii dinolvtd. All 

the proteiiifl can be pracdpitated only by taiuun in the cold or by copper 

hydroxide on hcattng. He further states that cou-'s milk contains about one* 
sixteenth of ita nitrogen in non-protciu form. Since our protein-frce milk 
powder was equal to 50 per cent of tiie total miida oi the unlk, it siiouid, li 
Miink^ otetementt an ooneet, oonlAiii OAS par osnt of non-protein nitrofon, 
ilnui leoiving at the moit only 0^ per cent of the protein nitnjfen, equal to 
1j99 per cent of protein. Since 100 grams of the food mixture employed in our 
e]Q>erimeixta contained 282 grama of protein-free milk powder, we can assume 
that at tha moat Hia food paatae tiiua made oontained only 0.48 per cent of 
milk protdin. Tlw ptoteia^kne milk powder thua produoed aa abova daaoribad 
left about 14^ per cent of inorganic matter on ignition. This includes not only 
tba inorganic constituents of the milk, although by no means in the combination 
IB which they occur in the mammary secretion, but also the inorganic salts 
ivboh were foniMd by the addition of tbe hydrodUorie aoid uaad to praeipitata 
ttw oaaeiQ and also the sodium salta uliidi zaaulted from nautmliang tha milk 
aeram with aodium hydroadda adutton. 

McCoUum doubted whether the significant nitrogen content of 
milk could be so easily removed as would appear, and was inclined 
to attribute tlie buccess attained witli protem-iree milk to the sup- 
plementary value of the nitrogen still present. 

Mitchell and Nelson " endeavored to reduce the amount of resid- 
ual nitrogen by the following procedure: Where the original method 
involves precipitation of the casein with slight excess of hydrochloric 
add, filtration, heating the filtrate to boiling for one-half mmuie, 
filtering off the precipitate of laotaUmnibi, neutzaluixig the dear 
filtrate, and evaporating to dryness at a temperature noi ezeeedlng 
7D* C. upon neutraliBation of tlie filtrate after separation of tlie laetal- 
bumin, a predpitate is always obtained, probably eondsting largely 
of ealdum phosphate. This was filtered off and the filtrate evaporated 
to dryness as iisuaL In this way preparations obtained oontained on 
an average about 0.10 per cent less nitrogen than the preparations 
made after the original method of Osborne and Mendel. Fjtesamably 
this reduction is largely if not entirdy in tlie protein nitrogen. 

These observers have found the preparation apparently as efifective 
for periods of five or six montbs at least in covering the nutritive 
requirements of white mice for simple maintenance aa rations con- 
taining the same amount of unfiltered product ion. They suggest as 
a better method of preparation of protein-free milk, predpitation 

M McCoUii^ Am. J. FtjmL X, UO; HcCoUmn and Davia, J. Bid. 
Chem. aW; 90^ 047; McCoUu and Bimmoada* Am. J. Fhyaid. 0, 378, 

1918. 

MitdaaU and Neltoo, J. Bi. Ox, 23. 458, 1915. 
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by trichlurucetic acid. The optimum proportions were found to be 12 
cc. of 50 per cent trichloracetic acid per 10 g. of milk powder, the 
filtrate being boiled for thirty minutes to an hour and filtered again. 
Two aeparate preparations were made according to this method, and 
found to Gontam 0.401 and 0.42% N respectively, equivalent to about 
one twenty*tlurd of the total nitvogen of the vaiHk, Tests failed to 
indicate with any certainty the presence of protein material. Al- 
though the tests have not been continued for a sufficiently long time to 
be entirely satisfactory, the product thus prepared seems to be as 
efficient for maintenance at leasts as the preparations of Osborne 
and Ueadel. In all cases Mitchell and Nelson used the dried centrif- 
ugalised milk put on the market by the Merrill-Soule Co., of Syra* 
euse. This was dissolved in about twenty times its weight of dis- 
tilled water, and treated accordingly to one or other of the above 
methods. 

Kennedy'* states that "protein-free milk" as prepared the 
method of Osborne and Mendel contains either unprecipitated pro* 
tein or peptides of considerable size as shown by amino nitrogen 
determinations before and after acid hydrolysis and the nitrogen dis- 
tribution as well as by the increase in amino nitrogen after tryptic 
digestion 

Later, when it was recognized that the "protein-free milk" carried 
vitnmins well as inorganic salts, Osbome and Mendel evolved the 
following mixture of pure salts.^ 



In the salt mixture used as reported in the Journal of Biological Chemistry 
37, 317, 1913, the proportiou ui sudtum fluoride is given att 0^48. The other 
oomtitueiitt are m given abov«. 

The chemicals used were analyzed and allowance was made for moisture, etc. 
The acids were mixed and the carbonates and ferric citrate added to them. 
The traces of potassium iodide, manganese sulphate, sodium fluoride, and 
potassium aluminum sulphate were added as solutions of known concentration. 
The finil nsiiltiiig mixture ms evipoiated to dryam in a eunent of air at 
90-l€0*C^ and Bround to a fine powder. Thii mixture with the addition of 



Oalsiom eaihonata 

Magnesium carbonata 
Sodium carbonntc ... 
Potaaaium carbonate 
Phosphorie add .... 
Hydrochloric aeid ... 
Sulphurio aeid 



Gm. 

mji 

242 
342 
141 J 
lOBJ 
68j4 
92 



Potassium iodide 0.020 

Manganese sulphate Oi)70 

Sodium fluoride tM2 

PoCaaaium aluminum aulpbata OJQMS 



Qm, 

Citric acid + H^O IIU 

Ferric citrate + 1^ H,0.. 654 



M Xamiedy, J. Am. Cb. Boo. 4x. 388, m9. 

M Osbocne and Hepdd, J. Bid. Cham, ig, 817, 1913. 
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purified lactoee was intended to reproduce as exactly as poasibie the compo* 
iition of the "vnMn4nm milk" witli fhe eanMi»tioii of the traoH of nitngieBOtti 
campounds and the vitamuML 

McCoIlum and co-workers have experimeiited with a variety of 
salt mixtures, the following being noted: 



Salt Mixture 1 

Sodium chloride 0J173 

Magneaum mlphate (aahydrous) 03M 

Sodium diliydrogcn phosphate 0^7 

Potassium monohydrogen phosphate 0.954 

Calcium tetrahydroRcn phosphate 0.540 

Calcium lactate + 5 H^O 1300 

Fflfrio laetate (MofdO 0.118 

M Mixtm€ 11 ^ 
Sodhim cUoride 0146 

Macrnpfinm Hiilphiitr -....».. *. 

Sodium dihydrogcn phosphate 0J293 

Potassium monohydrogea phosphate 0.805 

Calcium tetraliydrofeii phosphate 0A56 

Feme laotete OJOO 



2.4 gm. of the above with 1.3 gm. of calcium lartnte wns u?pd with 
each 100 f^in of ration.*^ Iodine was supplied in the drinking 
water once each weck.*^ 

Mixture I has been used satisfactorily by Steenbock •* who states 
however that it is more complex than neces.sary, as he has secured 
excellent growth, reproduction, and the rearing of young on rations 
free from sulpha ten. Mitchell and Nelson using mice as e3q)eri- 
mental animals were less successful. They say: 

Our experiments with this gait mixture in experiments on mtcr have not 
beea particularly encouragmg. Rations containing all their mmcral conatitu- 
enta in this artificial preparatkm have invariably produced unmistakable 
vmptautt of malnutritioa in the experimental animals, lenerally after two or 
three weeks time, though occwiionally these qrmptoms have been deferred 

«• McCoUnn tod DttWf, J. Biol. CSMm. k$, 167; 19, 9»; McCoUvm tad 

Kennedy. Jhid. 34, 494; McCoUum and Simmonda, Ibid. 3ft» 85S; KcCoUnv. 

quoted by Mc Arthur nnd Luckett, Ibid. 20, 163 

«i McCoUum, quoted by McArthor and Luckett, J. Biol. Chem. ao, 16B, 
1915. 

McCoUwB waA Davio, J. BioL Cta. 90. m, 1916. 

•* Steenbock, Kent, and Groes, J. Biol. Chem. 35, 67, 1918; Stioilio^ 
Bontwcll, and Kent, Ihid. 521 ; See aUo Hogan, Ihid. 27, 19^ 1919. 
«• Mitchell and Nelson, J. Biol. Chem. 23, 459, 1915. 
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for a month or even two months. ... It 10 posBible that it rests simply on the 
faet that different spedes of animals ham been used. Another poanble ex- 
planation is that the discrepancy is due to the use by McCoUum and Davia 

of wood shavings in thfir experimental cages and of paper excelsior by ourselvee. 
It is possible that in the former case the wood sha , sn^s may have furnished 
some indispensable mineral constituents i^ieent from the artmcial salt mixture 
uliioh oonstituted a part of tbe rationB. We cannot agree with ih» ■tatemrat of 
IKcCoUvm and Davis that they do not look Upon tfao (Miununption of a 
small amount of wood fibre as objpnticn:il>ln to any greater dp^rr-pe in this type 
of experiment than is the feeding of apur agar. Also the availability ami nutri- 
tive value of the nitrogenous and mmcrai substances of the wood cannot be 
as lightly disregarded, we believe, u tbey have been by theee inveetigaton.'^ 

A study of the inorganic elements in nutrition was carried out by 
Osborne and Mendel by preparing a large variety of salt mixtures 
in which one or more of the elements was omitted and replaced by 
increments of the iwrnainfng ones so as to maintain the balance of 
the acids and bases as nearly as possible. This was fed to the rats 
on an otherwise salt-free diet, and the effect on their growth noted. 
Good growth was possible on foods containing only traces of mag- 
ncsiuiD. sodium and chlorine, less than 0 04 per cent of either sodium 
or chlorine in the food being sufficient to enable rats to complete 
their growth. Wlien both podium and potassium were lacking growth 
stopped, but when only one of these elements was missing growth was 
nearly or quite normal. Restriction 01 either calcium or phosphorus 
causes prompt restriction of stoppage of growth. Magnesium could 
not replace calcium even when given in large quantities. Osborne 
and Mendel, comnKnting on the fact that the growing anunal can 
fully supply from inorganic sources its requirements for various of 
tlie elements emphasizes anew that it is unnecessary to consider the 
presence of calcium, phosphorus, and iron, for example, in natural 
food to the degree tl at is currently believed. Any shortage of an 
essential iiuir^^nnic element can be suitably remedied under ordinary 
conditions by the use of its salts. For feeding farm animals, where 
tiie lack of calcium and prosphorus in their grain rations is always 
encountered, the demonstration that complete nutrition can be attained 
upon diets in which the inorganic ingreiUenle are supplied in the foim 
of th^ commerdal salts has a significance that is just beginning to 
be appreciated. 

Some interesting observations liave been made by Sheimau and 
Pappenlieimer (J. ExptL Med. 34, 189, 1921) respecting the effect 
of i^osphates and lime salts on ridkets. A diet of 96^ patent flour, 

«• McCoUum and Davis, J. Biol. Chem. 19, 260. 1914. 
^ OSbotoe sad Mendei J. BioL Chem. 81^ 181. 
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Z% caldtim laetatei 2% oommoii salt and also a diet baving the same 
ptopotfaaa of flour, 2.9% calcium lactate, 2% salt and 0.1% izod ciftiate 
ragnlarly induced ricketo in young Tate. The Bubstitiition of 0.4% 
potassium phosphate for a small portion of the calcium lactate in the 
diet veiy curiously prevented the development of rickets. An exami- 
nation of the content of calcium in the bodies of the rats showed those 
receiving the potassium phosphate had assimilated a greater proper^ 
tion of calciirai than those which developed rickets. The results 
obtained perhaps may not be due to the greater assimilation and 
deposition of calcium. There may be a quantitative relationship 
between the lime and phosphorus rather than an actual deficiency of 
either of them. 

A pathological condition bearing fundamental resemblances to rickets of 
the human being rr?iilting from diets low in phosphoru-S and fat solTiblr A h.is 
been observed by Sliipley, Park, McCollum and Simmonds (iiuil. Johns 
Hopkm^ Hosp. 3a, 160, 1921). Two diets, low in fat-soluble A and phosphorus 
praduMd in the nujoril^' of Hhm young imts plaoad upoa thaia pwthologioal 
eoaditifliia of the skeleton having a fundamental roaomblance to fidcotB. Tho 
changes are not identical, however, with that disease as if ustially manifests 
itself in the human being. The chief difference consisted in the presence of 
scattered or irregular deposits ol calcium mXtM in the cartilage and metaphyais. 
Wlien the deficieney in phoqdionis is oompeoaated by fbe addition of a oom- 
plete salt mixture containing PO^ ion, the deficicDcy in fat-soluble A still exist- 
ing, no pathological changes of a rachitic nature developed. The addition of 
the PO^ ion to the diets deficient in it and in the factor A prevented, there- 
fore, the devdopment of any changes of a Tadutio-like natme. Thus the 
PO^ ion in the diet miw be tlie determining influence for or against the develop- 
Tnent of rickets. It tlie PO^ ion content of the diet is sufficiently hiph, !t 
deficiency of A cannot cause these changes in the skeleton. A di licicncv ui A 
is held not to be the sole cause of rickets. Conversely, it vi necessary that the 
diet be low in its eontent of pluMphonii, all other faeton^ ensept A, beiiig opti* 
mal, for these conditions to develop. Since the addition of the PO^ ion to the 
diet prevented thp dcvelopmont of thpse changes in the pkelpton hut had no 
effect m preventing xerophthalmia, it seema permissible to infer that xeroph- 
tiialmia and rickets do not have an identical etiology. The above retulte do 
noi exdude A fnm eonaideistion as an etiologiaal iftetor in the pioduetion of 
rickets and kindred diseases, since the level of the blood PO^ioa in, in aQ prob- 
ability, determined in part by the amount of A available. 
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GHAFTER IV 

THE DISTRIBUTION OF THE VITAMINS 

Much information of a general character as to the distributioQ of 
the vitamins has bcea gathered during the last decade, but our 
knowledge is still far from satisfactory. Only very recently has there 
been any attempt to make the tests quantitative and lack of stand- 
ardized methods has made it impossible to compare with any degree 
of accuracy the results obtained by different experimenters. Steen- 
bock and Gross ^' consider that the time is not yd ripe to warrant 
a general classification of foods into groups (1) rich in, (2) pour 
in, and (3) free from fat-soluble vitamin; ai^ genernl methods of ex- 
perimentation, eapecially in reference to vitamm content of the basal 
food ingredients,' period of observation, and control of expcrmiental 
animals, differ so greatly in different laboratories that the conclusions 
of the different observers are hardly comparable. Furthermore, tiiere 
is much reason to believe that the variation in the fat-soluble vita- 
min content of naturally occurring food materials, even when 
harvested at the same stage of developmeot, is tremendous. No doubt, 
according to Steenbock and Gross, there lies here the foundation 
for many interesting correlations in the functional role of specific 
substances in both plant and animal kingdoms, the significance of 
which can scarcely be predicted. 

The results of tests of the different foodstufiFs so far as th^ have 
been obtained are collated in tables appearing in the appendix, with 
brief comments made by the observers, but, owing to the difficulties 
referred to above, no attempt has been made to con^mre the relative 
amounts present. The comparatively few researches in which more 
predse methods have been employed are discussed in greater detail 
in the test. 

Fat-soluble A, as suggested by McCollum's nomenclature, is com* 
monly associated with natural fata. The fact that it was first de- 
tected in butter-fat, and that this is a particularly convenient source, 
has led to what is perhaps overemphasis upon the value of this f ood- 

* For tables, aee A[<p(«ndix. 

>• Steenbock and Gross, .T B]ol Chcm. 40, 503, 1919. 

* See also Dnimmond and Coward, Biocb. J. 14« 661, 1S90. 
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stu£f. While buiier is commonly eaten in greater quantity tiian any 
of the other foods in which A is found, it is by no means essential as a 
Bouroe of this faetor, since as will be aeeii later, oerti^ Tesetable 
products equal or surpass butter-fat in this respecti aod on the other 
hand, Steoibock, Boutwell and Kent' have called attention to 
the wide variation possible in different butters and suggested a possi* 
ble explanation.* 

* In die course of many experimeot^ tifsigru'ii to demunfitrate the vittuniu 
eontaiil of buMem have beoi impfMwd witii vttkAkm m the amouiit of 
vitamiii pMMni. Th«M wiatioos are not die result of heat tnatmoit t* in 
some cases the exposure to heat in the preparation of the fat was reduced 
to the minimum necessaiy to secure a clear sample. We surmised that poa- 
aibly the rattona <mi which the butter-fat had been produced misht be reapoui- 
bio. On thcw sonoial pioniiiet laid eould bo mid to owo ito dofieteBoieo in 
vitamin to the poverty of the grains in this dietary essential. Similarly beef 
fat would owe its correspondingly greater vitamin content to the greater vitamin 
content of the roughages such as clover and alfalfa so extensively fed for beel 
■ad au3k pniduetaon. As yet experimonti in this direetion havo not progreHod 
■ulBeicBtly to warrant this generalisation. One fact, howevw, It clear. Vitamin 
content of the ration on which butter-fat i*^ pro'l'irfd i>i not the only factor 
to be considered. Uiie sample of butter-fat obtamcd from a cow fed exclusively 
on aiiaiia hay was found to contain no demonstrable amounts of vitamin. This 
butler had been kept in an nmalted ooodition in a poosiy ioed refrigerator 
for about tiuee wec^. In this time loino molds had developed on its surfseo 
which necessitated di>cardinp: part of the material. . . . Question? of influence 
of feed, storage conditions, and temperatures used in the renovation of inferior 
products and even the method of use of tha product in the home must be 
taken into consideration when depending upon butter^ as a oolo source of 
fat vitamin in the dietaiy." 

It is an int^rebtmg fact that butters rich in pigments usually coo- 
tain more vitamins than those less highly colored.* According to 
Stephanaon,* however, extiaetion of the coionag matter of butter 
by treatment with wood charcoal does not affect the vitamin content. 

Beef fat oontaina toauiA, the more liquid portion (oleo oil) having 
the highest ooncentration. This aeoounts for the presence of vitamins 
in oleomargarines made from animal fats, some of which have been 
reported by Halliburton and 0niaimond * to be equivalent to butter 
fat in this respect. Oleomargarines from vegetable fats on the other 
hand have becoi found to be poor, if not entirely lacking in A» 

■ Steenbock» Boutwell and Kent, J. Biol. Chcm 35, 519, 1918. 

« Fee »l9o Dutcher, Kennedy and Eckles, Sci. 52. 588, 1920, and Drum- 
mond and Coward, Bioch. J. 14, Qtm, 1920, on the influence of the diet of cows 
vpcii tiko fkt-oalnblft sad wateMohible yitamino in eow^ milk. 

• Steenbock, 8oU and Buell. J. Biol. CSmib. 47, IflBl. 

• Stephenson, Bioch. J. 14, 715, 1920. 

' UaUibiirton and Dnmuaond, J. Fhysiol. 51, 236» 1917. 
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The fat present in egg-yolks is rich in A, as is also cod-Hver oil, and ^' 
it has been suggested that the long-recognised restorative value of 
milk, eggs and ood-livor oil may depend upon theur vitamin eontent. 




¥n, 8.— The remaricsble grawth-pnanotiiig ptoptatty of aaall 
amounts of flod liver oil M a soiizce of fat-ioluble vitavin if iUiutrated 

by the above growth curves. White Indian com was used a« a rource 
of water-soluble vitamiu as it has been shown in niunerous experiments 
to lead to nutritive failure as a source of fat-soluble A and yet it fur> 
oidiM plenty of the wetei^«oliibIe ▼itamin for norauil growth. 

CourteQT of Prof. H. Steenbock, M. T. SeU, M. V. BueU and Joiinial 
of Biol<]gioal Chemktiy (47, 103, 1821). 



A has been found in all crude fish oils, which have been tested, but 
cod liver and whale oil appear to be the richest.' 

• Zilva aad Minra (Lanoet 1981, 1, 828) uaod a qiia&titataTe msUiod of 
wtimatlmi of Hio lal-aoluble a od o aia i y fMlor in eodJiver oQ and hatter. It 
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Lard has been generally believed to be entirely lacking in A and 
for this reason has been regularly used as a component of the basal 
ration in testing for the presence of A in other foodstuffs, but Daniels 
and Loughlin*^ have reported that it actually contains a certain 
amount, although this is only demonstrable when the lard is fed at 
a high level (28 per cent). On a diet of IS per cent of casein ex- 
tracted for 48 hours with ether in a Soxhlet), 28 per cent of lard, 
7 per o&ai of salt mixture, 47 per cent of com starch, and the water- 
alcobolio extract of 9 gm. of wheat embryo (prevumsly extracted 
with ether) they aeeured gpod growth and reproduction of rate over 
a period of 5 monthSi hut when the lard was reduced to 21 per oent 
growth ceased after about two months. If thia is correct^ then A is 
present to some extent at least in all fata of animal origin so far tested 
but aa yet these results lack complete oonfiimation. 

A series of careful inyestigationa has been carried on by Dnmip 
mood * to detemune the nutritive value of lard and lard substitutes 
from the standpoint of vitamins. Hiis work was undertaken in view 
of the fact that no entirely satisfactory explanation of the deficiency 
of lard in vitamin content had so far been advanced by any investi- 
gator. 

In this connection it is approfviate to note the results of some ex- 
periments conducted by Druramond on the digestibility of these 
products. All edible oils and fats with rare exceptions are well di- 
gested and absorbed by tlie mammalian alimentary tract. The 
followmg table will show the melting point and digestibility of lard 
and some of its substitutes: 



N«utn] lard I 

Neutral krd II 

Hardened cotton-«eed oil, lard substitute I 

Hardened oil, lard substitute II 

T>ard subetitute A, comyK>i:n 1 lurd 

Lord substitute B, compound lard 

Lud lulMtitate C. 





L«n^b of 
trialu d«ys 


AvenMr<« eoef- 
ficicnt of digtati- 
bilUy — Per 

MM 


S7.60 


10 


97.70 


37 


10 


98.20 


40 


/ 


96.10 


38 


10 


97.20 


30 


7 


06.40 


37 


7 


9^.70 


37 


7 


97. W 



was found that the former was much more potent The high potency is con- 
tented pwtteularitjr ia tlM crude prep&ratione of ood-IiTer oil. 

Sttenbod^ Sell and Buell eall attention to the high oonteiit of fat<oluble 
A ia cod liver oil althcmgli tids oil eontaSmi Wfy little yeUow pigmeai. (J. Biol* 
Chem. 47. 89, 1921). 

Daniels and Loughlin, J. Biol. Chem. 4a, 359, 1920. 

* Dnimmflnd, J. a. C. L MM, 81 T. 
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Eram our present knowledge of the yitamin-oontent of fate and oSle 
we feoQsniie that the resulte tabulated above are likely to lead to 
enoneooB oonclueione. Jndpng these fate from the standpoint of 
their digesfcilnlxly would place them about on parity. But rating 
foods on calories and digestion coeffictents without considering the 
vitamin content le no longer sound. Recent researches have demon- 
strated that the amount of vitamin A present in the body f at ctf an 
animal is detennined largely by the diet which the animal bas're- 
ceived. Apparently the animal organism does not possess the power 
to synthesise vitamins, but can store up a reserve in certain parts of 
the body when a surplus is provided in the diet. 

In order to throw light on these points, experimente were made with 
young pigs reared on dietaries some of which were practically devoid 
of vitamin A wliile others were supplied with an ample amount of 
that factor.^" 

Certain animals from each lot, after several months on the special 
diets, were slaughtered and samples of leaf fat (peri-nepliritic fat) 
and back fat were removed. By means of the biological method these 
products were tested for the presence of vitamin A with the following 
interesting results. The body fats of swine fed on dietaries furnish- 
ing ample supplies of vitamin A contained that substance, but its 
presence could not be demonstrated in the fats derived from anmials 
fed on the foods deficient in vitamin A. 

Drummond examined the various processes of lard manufacture 
in order to asctttidn their effect on the vitamin A originally present. 
The destruction of A at hij^ temperatures was at one time believed 
to be due to the heating alone^^ but more recently it has been shown 
that temperatures up to 120^ C. do not inactivate the vitamin unless 
there ia contact with air or oxygen. It would, therefore, appear that 
tiie destruction is probably due to changes of an oxidative nature.^* 

The older methods of lard manufacture, which are still used to 
some extent, are essentially modifications of the orig^al fannhouse 
process in which the fat is rendered at low temperature, about 70^ C, 
and separated in a simple manner from the connective tissue and 
water, etc. The more up-to-date processes involve a certain 
amount of aeration at higher temperatures. Stirring i? employed dur- 
ing melting and after the separation of the layers, the fat is stirred at 

1* DranuBMid, Oetding, 2ilva and Coward, Btoeli«m< J. 19M, 14, 719. 

" J. S. C. I. 1921, 81T. 

1* Steenbock, B outsell and Kent, J. Biol. Ghem., 1918, 35, STI; Dmm- 
mond, Biochem. J. 1919. 23, 81. 

Hopkins, Biochem. J. 1930, 14, 725; Drununond, Bxuchem. J. 1920, 14, 
m; ZUfi, KodMm. IflOO^ 14, 740. 
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the tflmperatitre of 102* C. lor ten to filteeo minvftes to mum 
moisture. 

By actual cKperiment it was f oond that the lard pfepaied from hog- 
fat rich in vitamin A the iknpfe rendering prooess contained prao- 
tieally all the vitamin original^ present in the fat. However, an ao> 
tive sample of hog-fat was found to have loet practically all of its 
vitamin ii after being converted to lard by the rendering prooess more 
commonly used, employing agitation and higher temperatures. 

Oleo-stearin also appears to be generally deficient in vitamin A. 
Beef fat normally contains appreciable quantities of thi? indispen- 
sable dietary constituent/* and these observers found on cT\'«talIi!;a- 
tion of beef fat from alcohol that the vitamin is ooncentrated m the 
mother liquor^ together with the fj^lycerides of lower melting point. 
This explains why in the process of separating oleo-stearin from pre- 
mier jus the greater part of the vitamin passes tlirough with the ex- 
pressed oleo oil. The usual process of oleo oil preparation would 
hardly be likely to afieet the amount of vitamin present. 

Considerable variations in the vitamin content of oleo oil may be 
snoomitered, hut these are in all probability due to tiie seas o n al varia- 
tions in the diets of the animals. Oleo-stearin is praotieally always 
of low vitamin value. The nutritive value of compound lard will 
thstefofe be much influenced by the vitamin content of the constit- 
uents employed in its compounding.** 

Lean meat and fish are probably entirely deficient in A}^ 

Vegetable fats and oils seem in general to be poor in A, althoU|^ 
as Drummond points out,^" no hard and fast line can be drawn be- 
tween these two classes of oils and fats when their value as souress 
of the fat-soluble vitamin A is considered. Certain vegetable oils, as 
for example palm and yellow maize oih, arc in the crude condition 
good sources of tlie vitamin. Both animal and vegetable oils aud 
fats tend to lose vitamin A on refining. Bolton observes that it 
would be desirable to find a method whereby the manufacturer could 
first separate the vitamins from oils, then carry on the refining proc- 
ess, and re-introduce the vitamins which otherwise would be de- 
fatroyed by tlie process.*' 

^* Osborne and Mendel, J. Biol. Chem^ 1015, so, 379. 
a« Dnimmood, J. 8. C. I. U81, 81T. 

m In ttAB, dMd is a fMult of vitamia-Aee dMs, boUi fats and lipoids nwgr 

be completely laddng in the " lipoid gland tissue." It is suggested by Cramer 
(Proc Physiol Boc.; J. Physiol. 54, ii, 1920) that this lipoid gland tiamo foma 
an unporunt deposit of one or more of the vitamins. 

u Dnnnend tad Cowsfd. Bioeh. J. U, 668, IttO. 

» J. a a L Ittl, 81 T. 
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Comparing the different plant stractures, the leaves are undoubt- 
edly lichest and the aeeds aa a general rule poorest m A, althoujjh 
flax and nullet seed appear to be an exception. 

Of the leaves which are used for human food, spmach seems to be 
the most efficient. Steenbock and Groas ^ foimd that five per oent 
of lettuce, spinach, and chard in the basal ration furnished enough 
A for long continued though somewhat subnormal growth. Few young 
were produced and none were reared but in no case was there any 
appearance of the xerophathalmia commonly associate i with de- 
fi<aency of A. Judging by the appearance of the animals, spinach 
seemed to be the most satisfactory and lettuce the poorest, of this 
group. Osborne and MendeP* also noted that spinach leaves ap- 
peared to be richer in A than most of the products used in an ordinary 
diet. 

Tlie grasses clover, alfalfa, and timothy have all been found ex- 
ceptionally rich in A, especially when cut before rcnrliirvj; full mntnrity 
and carefully cured. Steenbock and Gross found it possible to 
secure growi-h at the normal rate on a ration carrying five per cent 
of alfalfa as the only source of A. Young were successfully reared, 
although the time for rearing was prolonged eight to ten days beyond 
the normal, thus giving indisputable evidence of the richness of al- 
falfa in the fat-soluble vitamin. How much less than five per cent 
of the ration might huvc lieen constituted of alfalfa and still have 
produced results such as tiie above was not determined, but Steen- 
bock and Gross were inclined to think from the curves of growth 
and the behavior of the young that they had reached approximately 
the lowest level possible with their materiaL With five per eei^ 
of clover as the source of A, growth approximating normal was se- 
cured, and young were reared though at a subnormal rate of growth. 

Osborne and Mendel tested the value of various plant and animal 
products by detennining the amount necessary to promote renewed 
growth in rata which had deelmed on a diet deficient in A but suitable 
in all other respects. Their basal ration was composed of meat residue, 
10.6 per cent, salt mixture of 4i) per cent, starch 52 per cent, laid 
24 per cent, and yeast 0.4 gm. daily. On such a diet, rats soon fail to 
grow and then begin to decline rapidly in body wei^^t, but unless 
the damage has been allowed to go too far, restoration to health and 
renewed growth can be brought about by replacing part of the lard 

Steenbock and Gross, J. Bioi. Chem. 41, 149, 1920. 
Osborne and Mendel, J. Biol. Chem. 87, UtB, IS19. 
Steenbock and Gross, J, Biol. Chem. 41, 149, 1920. 
u Osbofne and Mendel, J. BioL Chem. 41, 651, im 
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by butter-fat or some other potent source of A. TVlien the other 
dietary factors were satisfactory they found O.o gm. of butt*: r- frit 
(fno per cent of the rrttion) «iiffioient, for this purpose, but made 
no test- to determine whether tliis amount rc]iresents the minimum. 
The su]KTior efTiciency of some phmt products as a carrier of the A 
vitamin is indicated by the fact that as little as from 25-70 mg. per 
day of ether extract of clover, timothy, alfalfa or spinach induced re- 
covery and rai'id growth in animals which were suffering from lack 
of this vitamin. A similar amount of dried cabbage was not sufficient, 
although there was evidence of the presence of some A. Stccnbock 
and Gross were not very successful in attempting to use fresh cab- 
bage as a souree of A, owing to the fact that eabbagp is liable to 
cause digestive disturbancee which neult in a decreased food intake 
and consequent complications in the relation between growth and 
diet. Fifteen per cent of cabbage in the ration was sufficient to pre- 
vent decline and even to promote growth, though at a subnormal 
rate, but the fact that addition of butter-f at produced prompt ac- 
celeration in the rate of growth indicated that this amount of cabbage 
did not furnish the optimum amount of A. 

Tubers and roots differ considerably, but may be regarded for the 
most part as intermediate between leaf and seed. "White potatoee 
are not rich in the factor, being about equal to the cereal grains in 
this respect, according to McCoIIum, Simmonds and Parsons,** 
whUe the sweet potato has a much higher concentration of A, 15 per 
cent in the diet being sufficient to permit of normal growth and re« 
production. Carrots are about equivalent to sweet potatoes as a 
source of A, but the dasheen, which is a vegetable of very similar 
type, is apparently almost devoid of it,'* and the sugar beet and 
mangel contain very little.*" 

Most seeds contain some vitamin A, but very few are rich in this 
factor.*** Flax and millet seeds and the Georgia velvet bean have an 
exceptionally higli content of A, but the ordinary edible seeds contain 

" gteenbock and Grow, J. BioL Ghem. 41, 149, 1990. 

UcCollum, Smunonds and Partoiu^ J. Biol. Chem. 38, 107, 1018. 

»♦ Steenbock and Gross, J. Biol. Chem. 40, 501, 1919. 

23 See also Steenbock and GroM, Ibid. 40, £29, 1919, and Osboroe and 
Mendel, Ibid. 41, 555, 1920. 

White rati fed rstiomi in ivfaiefa all the i>rotets (184%) wm iupplted Iqr 
tomato-eeed press eake grew at the normal rate. Water-aohibla B and fat* 
soluble A vitamin.s apparently were fumi-hr 1 in a^^equate amoi:nis for normal 
growth when one-hnlf \hc ration consist' il of tomato-seed cake, the other hah* 
being made up of purihed producta. Finks and Johns, Am. J. Physiol. 56, 4(M, 
Ittl. 
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relatively lifttie.** Coward and Dnmunood*' found that nuta audi 
aa the Braiil nut» peanut, walnut, and almond, f umidi only an InuB- 
nificant amount of A despite their hifl^i fat content. 

Fruits have not been very extensive^ investigated as to their con- 
tent of A, but bananas contain at least some of this vitamin, while 
lemons, grape fruit and oranges are apparently conqylekely lacking. 
Tomatoes are unusually rich in A, dried tomato being more efficient, 
weight for weight, than butter-fat. 

Various factors influence the value of milk and butter as sources of 
vitamin A. Drummond, Coward and Watson'* have studied these 
variations. The diet of the cow is undoubtedly the chief cause of 
variations in the amount of vitamin A in milk. Colostrum is richer 
than milk; butter is somewhat poorer, partly owing to mechanical loss 
and partly to destruction. "Blowing" and other methods of butter- 
making which involve exposure to air at high lemperatures, may cause 
a loss of vitamin A. The \itamin content of butter produced in win- 
ter la low, sometimes very low, because tiie eatlle are stalMed on dry 
feeds of hay, roots and eake; even a sununer drougiht may lower the 
vttamin eontent Storage of huUer does not lower the vitamin A con* 
tsnt unless there is oxidation, nor does development of rancidity psr 
<8. " Renovation " of rancid butter will entail further loss of vita* 
mln, if the methods employed cause oaddation. 

Stammers reports that bran contains vitamin B and also some 
vitamin A, 

McColIum and others have endeavored to correlate the distribu* 
tion of vitamins with the function of the plant organ." It has been 
found thflt the leaf of the plant is several times richer in fat-soluble 
A than are the wheat, oat, and com kernels, (^crtam seeds approxi- 
mate the vahie of the leaf in this substance. }iernp ^ct il is distinrtly 
better than those just named, but flaxseed and inilleb seed are still 
richer than hemp beed and may readily be incorporated in the diet 

A series of careful feeding testa conducted by Sure and Read has estab- 
lished the fact that the Georgia velvet bean seed of early q[>eckled variety is 
abundaat in fstwluble A hut low in wateMohible B. Hub teed wim led raw 

is injurious to the growth of young rats. However, tlie injurioue effoet can bo 

destroyed to ^ great extent by autorlaving the ppo I for one hour at 15 pounds 
pressure without destroyuii: thif? vitumms. (J. Agricultural Research, 2a, No. 1, 
1921). According to Finks aud Johns (Am. J. Physiol. 57, 61, 1921) the nutri- 
tive value of tin iwoteine from Chinese end Qeocgia velvet beena is not eatie- 
f acton'. 

«^ Coward and Drummond, Bioch. J. 14, 66^5, 1920. 

Drummond, Coward and Watson, Biochem. J., 1021, X5, 640, 1821. 
le Stanmeri, Biochem. J. 15, 489, 1921. 
M McCoUonv Hnmoodo and Fiti» J. Biol. diem. aq» 18» 1017. 
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in amount sufficient to meet the oeeds of an aoimal for the fat-soluble 
A during growth. 

It is interesting to note that the {ontent of the fat-soluble A is high- 
est in thc^e seeds which are smalleat (iiax and millet). Possibly 
this may be in some moji^jure related to the relatively large propor- 
tion of germ as compared with endosperm in h seeds. The en- 
dosperm is in great part to be likened to a mixture of purified pro- 
teins, carbohydrates, and fats, while the germ is relatively rich in 
functioning plant cells as well as fats, carbohydrates, etc. The 
differences in the amount of stored food material contained in the 
germ in variovu leeds render it impo^ble to make sueh a oompariaoa 
▼ay aoeurste. It has been suggested that the differenoee In tiie diet- 
ary propertlee of the entire leed as eontraetod with the embryo, and 
of polished rice as eontrasted with hulled riee, may lie in part In the 
asioeiataoii of A and B with the functioning eell. In like manner, 
it is possible to aooount for the exoeptional riebness of the leaf in 
these two dietary principles. The leaf is the seat of great syntheUc 
activity and eomprises a relatively large amouDt of functaoiung cells 
associated with thoee subetanoee which may be considered as the 
equivalent of purified protein, carbohydrate, and fats. 

This point of view is criticized by Steenbock and Qross*^ who 
point to the great variation in vitamin content of organs so closely 
associated in function as tubers and roots. These investigators have 
adopted a hypothesis of their own, according to which A is associated 
with the occmrence of certain yellow plant pigments. In support of 
this hypothffif it is pointed out " that experiments with eight vari- 
eties of corn have indicated that white com contains pnu tK ally no 
fat-soluble \itamin while yellow com contains a sufficient amount t-o 
permit normal growth and reproduction in the rat. Colored roots 
such as carrots and s\\eet potatoes havf; been found to contain much 
fat-solubie vitamin, wlule the uncolored sugar beets, mangels, dash- 
eens and Irish potatoes show little of it. Experiments with com- 
mercial oleo oils show that those most highly pigmented arc also 
richest in fat-soluble vitamin, while the least pigmented are poorest 
in this growth essential. The fact that the yellow pigment in butter- 
fat disappears simultaneously with the destruction of the vitamin by 
heating may or may not be significant, but is at least a sugsnlivo 

*^ Steenbock and Gross, J. KoL Chcm. 40, 503 ; 41« 149. See al^o StceQ< 
bock and Boutwell, J Biol. Chem. 4X, 81, 163; 4a, 131. Steenbock, Sell, Nel- 
son, and Buell, Proc. Soc. Biol. Chem. J. Biol. Qiem. 46, xxxii, 1021. Steen- 
bock, Sell, and Basil, J. Biol. Chem. 47. 80* mi. 
Sttnbodi; Sainee, «i 1910. 
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ooindcteiioe.*** The oocunence of oertain materials which eontaiti as 
much f at-aoluble Titamm ai yellow com, but which are mudi less pig- 
mented mii^t be due to the pieeeiice of a leuco oompoupd of the 
yellow pigment** 

Ripe peae of green color were found richer in \itamin A than thoee 
of a yellow color. The former also oontamed more yellow pigment 
than the latter.'* 

Rosenstein nnd Drummond also reported that the A vitnrnin 
was to be found contained in the same foodstuffs that contained lipo- 
chromes, and conckidod that it was probably associated in some man- 
ner with pigiueiiis of the carotin type. Further study, however, 
showed that the presence of yellow lipochromes was unreliable as 
an indication of the presence of A and Drummond has abandoned 
this hypothesis.'* 

Palmer*' disagrees with Steenbock's assimiption and points to 
the case of oottonaeed oil which is golden yellow in color and rich in 
carotanoids, but is remarkably free from vitamin. The same seems 
to be true of com oil. He also adduces the fact that he was able to 
nuse a flock of chickens to maturity on a carotinoid-free diet. These 
chickens laid carotinoid-free ^gs, which hatched into a second gener- 
ation of chicks, free from carotinoid. He statee that either the fat- 
soluble vitamin and the yellow plant pigments are not related phydo* 
logically or the fat-soluble requirement of fowls differs from that of 
animals. 

It may be noted, however, that Palmer's basal ration contained 

abundance of pork liver, which was believcf! to ho free from c:iro- 
tinoids but fairly rich in A, whereas Rosenheim and Drummond 

In beef-fat and butter-fat, aoeording to Steenbock, Sell and Bvell» th« 
ooDte&t of A does aot dflMdy poraUd tiie vSgmi&at eonteat. Hovravw, both 

vitamin and pigment are closely associated in these fats and hence the most 
highly pigmented fats are generally lieheBt in vitamin A. (Steenbock, Sell and 
Buell, J. Biol. Chem. 47, 8», 1921). 

«• WiUiman (Am. Food Jour., Oet 1031) emphaaiMS the virtues of yellow 
wgstafalM fattBad on the obeervations that yellow color and vitamin A pmctieally 
ftlwaj^ occur in parallel amounts. The hst inchidcs sweet potato, Irish potato, 
mnnpp], squash, dashcen, sugar beet, many varieties of corn and peas, q)inach, 
chard, lettuce, cabbage, alfalfa, clover, timothy and tomato fruits. 

" Steenbock, Sell aiid Bontwell, J. Biol. Chem. 47, 308, U81; J. 8. C. L 
1921. 713A. 

Bosenstein nnd Dnrnimond, Lancet 1920, 1, 863. See also Dniiiimoad» 
Bioch. J. 13, 81, 1919. 

M Drummond and Coward* Bioch. J. 1920, 14. 668, 

«r pilflMr, Sd. 00, Wl, 1910. Palmer and Kempfter, J. Bid. Gham. S9> 
809, 1910; FiilBier and KauM^, lb. 46» 060. 
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(1. c.) state that liver tissue was found to contain, besides carotin 
and xanthophyli, a substance wliich gives certain reactions similar to 
those given by the lipochromes, but not identical with any known 
member of that class. 

From later experiments Palmer and Kennedy report that rats 
wiU grow and reproduce on ewe milk fat containing only 0.00014 per 
cent of carotin, or even with carotinoid-free egg yolk as the sole flource 
of vitanun A, 

Yitamin B appears to be present to some eitent in almost every 
natural foodstuff. Yeast was considered by Ftmk to be the most 
efficient source, but the Lister Institute workers ^ place pressed yeast 
fourth on the list of substances effective for prevention of beriberi; 
rice and wheat germ and lentils, being an>arently quantitatively 
snperior to it^ According to Seidell ^ f lesb pressed yeast is in- 
ferior to autolysed yeast for this purpose. 

Bread made from mixtures of wheat flour and soya bean flour was 
found by Johns and Pinks to have higher nutritive qualities than 
that mnde from wheat flour alone. Feeding tests on rats were made 
with 15 to 25 per cent soya bean flour in the wheat flour and these 
trials showed that proteins and vitamin B in amounts suflScient for 
normal growth wore furnished by the ration. In fact the mixed pro- 
teins pro'.-pf! two or three times as effective lor growth as wheat 
protems alone. 

Seeds in general contain an abundance of B. As small an amount 
as 15 per cent of whole wheat as a source of B is sufficient for com- 
plete growth in the rat. and so promotes well being as to induce pro- 
duction of nearly the normal number ui young, hut this amount is 
not great enough to enable the young to reach weaumg age witiiout 
pronounced nervous disturbances ending in death.*' Beans do not 
diiler greatly irum the cereal grains, and dried peas are also markedly 
efficient. 

Dried seeds have varying, generally small, quantities of vitamin A, 
which aio not increased on gmlnation. Qreen leaves form large 
quantities from inorganic salts, but the vitamin is not qmtheaised in 
the abeence of chlorophyll. The vitanun is qmthesised by green 
algae and, to a lesser extent^ by red algae, but not by mushrooms. 

M j^iliiier and Kennedy, L c 
» Vuak, Biodi. Bull. 0, 1, 1010. 

*• Med. Rea. Com. Beport No. 38. 

« Seidell, J, Biol. Chem. 29, H"., 1917. 

Johns aii l Fmk», Am. J. Physiol. 55, 455, 1921. 
** VeColltim, Sinunondt and Piu, J. BioL Chem, 76, 211, 1916-17; 8m 
■bo <MboaM sad M«fldel» Ibid, 37, MO^ 1010. 
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Vhamm A of graen leaves ie not aaBodated with protdns; it may be 
eitracted m the fat removed by eolventB and appears in that fraction 
of the fat whieh resists sapon^oataon.^ 

With regard to the diirtribution of the vitamin wifchin the seedi 
Chick and Hume state that in cereals the anti-beriberi vitamin is 
mainly deposited in tlio p:rrm or embryo of the grain and to a less 
extent in the bran. Wbit^ wheaten flour and polished rice, which 
consist of the endosperm of the grain^ are deficient in this vitamin. 
Wheat endosperm, after removal of the aleurone layer in 
the ordinary milling process, constitutes white flour, which 
is deficient in antinoiiritic vitamin and will produce polyneuritis in 
pigeons or beriberi m man, if used a? an exclusive diet, acting in a 
manner identical with the behavior of polished rice. In both the 
rice and wheat grain, this vitamin is contained in the germ or em- 
bryo, being present to a lesser degree in the bran (pericarp and 
aleurone layer), probaljly in the aleurone layer. The embryo of 
com grain possesses marked antineuritic j^roperties; both the scutel- 
lum and the plantlet contain the antineuritic vitamin.** Rice germ, 
according to these investigators, is about twice as efficient us wlieat 
germ, weight for weight, as a preventive of beriberi. 

This theory as to the distribution of the anti-beriberi factor in 
seeds is confirmed by other experimenters,** and McCoUmn ^ asserts 
in general that tho odl-rieh tissues of the plant soch as the germ are 
better sources of B than are the entire seeds, but these in turn an 
better than is the endospenn. 

All these investigators made use of the commerdal embryo of the 
grain for th^ tests. Osborne and Mendel*^ have shoim that 
whereas oommerdal wheat embryo is rich in B, if the embryo be 
very carefully separated by hand from the reminder of the ssed 
it is a much less efficient source of this factor than has been supposed. 
On diets mcluding as much as IISO mg. of pure wheat embryo per 
day as the only source of E they secured perfect maintenance of rats 
but no growi;h. On the other hand the residues from which the 
embryo had been carefully removed proved quite as effective in pro- 
moting growth as did the whole wheat kernel. When the embryo- 
free grain was divided into sections and fed separately it appeared 
that the end near the embryo is more efficient than the remainder of 

^ Coward and Dnrnimond, BiocTieni. J,, 15, 5^, 1921. 
** Chick and Hume, J Roy. Med. Corps, 29, 121, 1917. 
«• Voegtiin, Lake and Myen, U. S. Pub. Health Reports 33, 647, 1918; 
Am. J. Phyml. 48. 004, 1019. 

McCoUtim, Simmonds and Parsons, J Biol Chem. 37, 287, U80: 
«Y Oibome and li«|idd, J. BioL Cbam. S7, 667, 1018. 



jiiizca by Google 



THE BISTHIBiniON OF THE VITAMIMB 79 

the seed, although the latter is by no means devoid of activity. They 
conclude that the vitamin is located in the endosperm, but not imi- 
formly distributed through it, the lugh vitamin activity of the com- 
mercial embryo being probably due to the adherence of a conaiderable 
proportion of tbe softer parts of the endospeim whieh surround the 
smbiyo proper. Aooording to Osbome and Mendel, this condusion 
is not at varianoe with their eiperimenis with wheat flour or eom- 
mereial embryo meal, nor with Voe^in, Lake and Myers* discovery 
thai patent flour is practically free from vitamin. In making flour 
fay gradual reduction the gr^ is broken into successively smaller 
particles, a bolting process bang interposed between the breaks. 
The finer particles, which represent the more friable part of the en- 
dosperm, are thus sifted out and the larger and harder particles 
which remain on the sieves are ground into patent flour. If the vita- 
min is in fnct ooncentrated in the softer parts of the endosperm the 
patent flour may be expected to be nearly free therefrom and the 
lower grades to be correspondingly richer in this food factor. 

An attempt has been m;i(l(^ to correlate the presenc e of vitamins 
with the distribution of phospiionis in cereals. Fraser and Stanton** 
concluded Uiat a diet consisting mainly of rice \vitli ;i phosphorus 
pentoxide content of less than 0.4 per cent would not lurnibli suf- 
ficient antineuritic body for safety. Voegtlin and Myers assert 
that: 

" The phosphoric anhydride determination of wheat and com prod- 
ucts yields faurly satisfactory information as to the content of these 
products in accessory foods. A kiw phosphoric anhydride content 
Indicates that the product is poor in vitamins.^ 

VoegtUs, Sullivan and Myers propossd a minimum phosphorus 
pentoxide content of 0J6 per cent as a standard for com products, 
and of 1 per cent for wheat flour. Green objects to this standard.*^ 
He admits that the examination of maize-milling products by dietetic 
experiments using the pigeon as discriminant, indicates that the dis- 
tribution of vitamin in the corn kernel follows the distribution of 
phosphorus pentoxide whenever any given sample of gjnin is taken 
into consideration, but claims that the parallelism does not hold be- 
tween different samples of grain, and that no difference in vitamin 
content could be detected by pigeon analysis in a series of samples 

M Fraser nnd Stanton, Studies from the Institute of Medioal Renarcfa, 
Federated Malady 8Utes, 1909. The etiology of beh-berL 

«• Voegtlhi, Lake and Myert, U. 8. PuUie HMlth Repts.. 38, H7, 1918; 
Vo«ftUa tad If yen, iMf. 9B, Sll, 1918. 

•0 Voegtlin, SulUvtn and Myers. Ihid. 31 . 9X% 1916. 

u Qrtca, & Af. J. 8aL 14, 619, 1918» Chem. Abi. 1^ 3600, 1918. 
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of whole com Ttttying in phoephorua pentoxide content from 0.35 to 
0.71 per cent. In theee sampIeB the " indicator limit " of phosphorus 
pentoxide for milled meals on the hofder-line of efficiency, would 
vary from 0.23 to 0.46 per cent. From this it would seem impossible 
to use phoflphorus pentoxide in milled products as indicator of vita- 
min effioiency unless the phosphorus pentoxide content of the original 
mother-grain is known. This infonnation is rarely available, and 
the determinntion of phosphorus pentoxide n?, a genrrnl analj-tical 
guide to efficiency, as advocated by Vocgtlin, Sullivan and Myers 
would be impractica! arcorHing to Green. Their standard of 0.5 
per cent for phosphorus penioxirie corn meal would condemn more 
samples than it passed, including the majority of perfectly 
efficient South African meals. Simple microscopic examination of a 
meal, to gage the exteut of iniliiiig, would be a safer guide thuu the 
phosphorus pentoxide standard. 

By taking "average pigeon requirements" as standard for com- 
parison, and stating this as 100, Green has assigned "vitamin in- 
dices ** to certain cereal products. On this basis whole com (maiie) 
wotks out at about 160 to 180— t e., contains over 60 per cent more 
vitamin than is actually required in metabolism — and whole maiie 
can therefore stand depletion of vitamin phosphorus pentoride to the 
extent of about one-third before deficiency is likely to be manifested. 
The following vitamin indices represent determinations on an aver- 
age series of milling products to an estimated accuracy of about 10 
per cent either way: 

Whole Fine Hominy 
Prodtjrt Maize Meal Seconds Bnm CSiop. Samp* 

Vitamin Index.... 160 120 170 180 880 90 

The actual value in any given case depends, of course, upon the 
mode of milling. "Die average fine meal is not deficient. Hie more 
highly milled high-class table products and breakfast foods are al- 
most invariably notably deficient, and their vitamin indices may vary 
from the border-line 100 down to 30. Since, however, these products 
are more expensive, and only used by white people living on a mixed 
diet, their low vitamin content is of minor importance. 

In order to obtain information regarding the rclntivc nirtount of 
vitamin B contained m various plant tissues, Osborne and Mendel " 
f((I r:it9 upon a vitamin-free basal ration to which was added a 
weighed quantity of a dried preparation (1 gm.) of the material 
under investigation. The animals were norm 1 1 in health and devel- 

M Osborne and Msadel, J. BioL Qum, 30. 29, 1819; lb, 41, 4&1, laao. 
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opment at tlie begmning of the eiperiment and obsenrationB were 
made as to whether the diet reodved was sufficieat to mftintftin them 
satisfactorily and induoe normal growth. As the daily allowance 
of B was fixed, while the food intake varied with the individual and 
still more with the character of the plant product fed, the ratio of 
the latter to the total food eaten varied in general from 10 per cent 
of the food or less in the case of those growing best to 15 per cent 
in the case of those growing most poorly. 

Alfalfa and clover surpassed all the other vegetable products tested 
in equal doses, 1 gm. daily as the sole source of B being much more 
efficient than as much as 16 c. c. of milk per day when given in fiddi- 
tioQ to the same basal ration. Several animals gained 175 gm. m 
eight weeks on tliis allowance, a growth equal to the best observed in 
their stock colony. Timothy hay gave good growth at first, but loss 
of weight resulted after two or three weeks. Hay made from imma- 
ture clover, timothy or alfalfa contains much more vitamin than does 
that from the mature plants, which suggests a possible advautage in 
substituting hay made from less mature plants than ordinarily u^ed. 
Tomato is rich in the water-soluble vitanun, 1 gm. daily promoting 
good growth when the animals would eat that amount; even 0^ gm. 
occasionally promoted limited growth, or at least maintenance. 
Spinach, cablmge, turnip and carrot were not unlike in theur effect 
as a source of B, 1 gm. doses bemg no more eflSdeut than 0.5 gm. of 
alfalfa and clover. 

In an earlier paper the same investigators " reported that 10 per 
cent of dried spinach supplies somewhat less than enough of the 
water-soluble vitamin needed for normal growth; it is about one- 
quarter as efficient as dried yeast in Uiis respect and twice as efficient 
as whole wheat, soy beans, dried eggs or milk solids. Fifteen per 
cent of dried cabbage affords somewhat less than the minimum of 
water-soluble vitamin needed for normal growth and is thus some- 
what less efficient than spinach. Beet root did not equal the other 
roots tested. The potato is as rich in the water-soiuble vitamin as 
some of the roots tested but even 2 g. of peeled potato did not pro- 
mote growth at the normal rate dunag the entire eight weeks period. 
Dried potato peel is no richer in vitamin content than equal amouuta 
of whole potato. There is no noteworthy difiference between new and 
old potatoes as regards water-soluble vitamin content 

The bulb of the onion also contains oontiderable quantities of B, 
ThB variability in oontent of B shown by tissues of the same type is 
demonstrated by the observations of Steenbock and Gross** that 

Osborne wad Mendel, J. Biol. Chem. 27, 187, 1919. 
M Steenbock sad Qrois, J. BkL Cbm. 40, Ml, 19M. 



Digitized by Google 



VITAL FACTORS OF FOODS 



sufficient of B to petnut growth was fiinuslied Iqr 15 per oent of ear^ 
rot^ daflbeeo, or rutabaga, and by a somewhat larger quantity of 
fwoet potatoes, but even 26 per cent of the ration in the foim of 
sugpv beet or mangel gave no evktenoe of furnishing this factor. 

Fruits may serve to provide a certain amount of B, though th^ 
cannot be regarded as rich in this factor. Oranges, lemons, grape- 
fruit, and prunes are riclu r, >?rape-juice, apples and penrs poorer in 
this respect.'* The banana appears to be almost, if not entirely de> 
ficient in B,"* 

Of the various animal products eggs are quite satisfactory both 
for gro^lh and for protection against polyneuritis. Milk is not a 
good source of B, althougli different milks may vary, probably vary 
considerably, according to the proportion of B present in the diets 
of the laefcating anhnals.*^ Beef muBcIe oontabis a eomparativdy 
gmall quantity of B, which is readily extracted from it by water. 
Liver tiesue was found to be much richer, as were also the protdns 
of heart, kidney, and brain tissue,** and the pancreatic gland.** 
Swoboda,** who used the yeast test (see p. 35), reports that B is 
present in large quantities in most of the organs of internal secretion 
which are of developmental importance, but that tissues high in 
nuclear material, such as thymus and lymph gland, are low in vita- 
min content. Fish muscle has no appreciable amount of fi." 

The accompanyirp; table, showing the compnrntive relation between 
certain foodstuffs with regnrd to tlicir content of antioLuntic factor, 
was compiled by the rvlcdical lludearch Committee (London) and is 
based upon the observations of Chick and Hume and of Cooper.** 
Wheat germ was taken as a standard and rated at 100. 

Substance VllIuc Substance Value 

Rice Germ 200 Peas 40 

Wheat Germ 100 Wheat Bran 26 

Lentils 80 Beef muscle 11 

Yeast (preand) 00 PMatoes 4J 



Osborne and Mendel, J. Biol. Chem 43, 165, 19?0. 

Suguira &ud Benedict, lb. 36, 171, 191B; Loeb and Northrop, lb. 27, 
2i)Q, 1916; Northrop, lb. 30, 181, 1917. 

•V McCoUva. SinnMnds end Pits, J. Biol. GbeoL 90, 1010. See abo 
Osborne and Mendel, J. BkL Ghem. 41, 516, 1920. 

Mendel and Osborne, Proc. Soc. Biol. Med. 16, 71, 1018; J. BioU 
Chem. 32, 309, 1917; Ibui. 34, 17, 1918. 
M Bddy, J. Bid. Gbeni. 27, 113. 1010. 
M Bwobeda, J. Biol. Chem. 44, SOI, 1090. 
" Dnmmiond, J. Ph3'f?ioI. 52, 103, 1919. 
Cooper, Sp. Bept. 38^ Med. Bes. Com. 
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The value of fresh fruitB and vegetables as aniidcorbutics was 
known long befoie the t61e of the vitanuns or even the existence of 
such faeton wae xeoogniied. Lind in a treatiae on aeurvy publiahed 
in liOndon in the middle of the Eighteenth Centiiiy reoofds the le- 
maikable effieaey of orange and lemon juice in the treatment of this 
diaeaaei and theae f ruita are still lanked among the most powerful 
antiscorbutics. Next to oraDges and lemons he esteemed cider. 
Dsvis •* has investigated commercial pasteurised cider and finds it of 
some value although low in antiscorbutic content. Fresh lime juice 
seems to contain only about one-Kjuarter as much C as lemon juice, 
and pre8er\'ed lime juice none at all.** The popular impression that 
lime juice is potent in the prevention or cure of scurvy is due to a 
misapprehension, the " lime juice " which earned this reputation hav- 
ing been in fact Icmtia juice. When the juice of the lime was sub- 
stituted for this so-caiied " lime juice " in the stores issued to the 
na\^'' cases of scurvy became frequent. Grape juice is s;iiil to be 
hbuut one-tenth as efficient as orange juice ^'^ and banana is eflective 
if taken in rather large amount,'* but prunes seem to have no anti- 
seorbatic power.** Tomatoes are most effidenl sources of C. Hesa ^ 
recommends them as even more serviceable than orange juioe in in- 
fant feeding. The distribution of C in fruits seems therefore to be 
most unequal. 

Dry cereal grains and seeds have always been ieg»rded as free 
from the vitamin C, and rations made up of such components have 
been used repeatedly to induce scurvy in guinea pigs. Davis has 
made certain observations which ee^ to indicate that a dry seed 
ration may actually confer some protection against scurvy. This 
ration consisted of Kaffir com, split peas, barley, com, oats and hay. 
On this diet, rabbits continued in good condition for 300 days, when 
th experunent was discontinued. Although twelve litter- were bom 
only one litter of five and three young out of five of nnother were 
reared. Tlie same ration delayed the onset of scur\'y in guinea pigs 
about 20 days. This appears to be the first report of protection by 
dry seeds. Willi hve grams of raw dried beans, four guinea pigs re- 
ceived slight protection against scurvy. 

The faet that the sntiaeorbutic factor m seeds is mnch tnereaasd 
when the seed germinates wss observed by Fmrst** and has einoe 

DmvIs, ptivsls eonununieatiflii. 

Chick, Hume and Skelton, Lancet, 1918, ii, 7tt. 
e» Chick and Rhodes. Lr\nrrt 191R, ii., 774. 
«« Lewis, J. Biol. Chem. 40, 91, 1919. 
«* HetB and Unger, J. Bid. Chem. 435, 479, 1918. 
«• Hess, N. Y.Stete Jour. Med. SQ» M UW; J. An. Ifsd. A» 98^ MS. 
«• Fms^ Nonk, Mif. Li^bt. 1913, 1; Zdti Bn. lofok. 12, 131, 1913. 
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been confirmed by many observers. Chick and Delf report that 
the antiscorbutic value of these seeds (dried peas and lentils) after 
soflkinp: in water for 24 hours and germinating for 48 hours at room 
tcinpc r;iture is five to six fold that of the dry seeds; while inferior 
to that of orange and lemon juicp, cabbages, or swedes, it is equal 
to that of many other vegetables such as green beans or potatoes, 
and superior to that of carrot or beetroot. That the content of C in 
dried beans is notably increased on germiiuition is indicated by 
Wiltshire's observation iliat germmatcd beans are more effective 
than lemon juice as antiscorbutic water although certain observers 
have reported these lees satisfactory than other gnrmmated seeds.^ 

Weillt Mouriquand, and Peronne^* questiOD the efficacy of 
sprouted cereals as antiscorbutaes, but their evidence is not vety con- 
vincing in view of the well attested success which has accompanied 
the administration of sprouted seeds in cases of scurvy. 

Dyke states that beer made from germinated grain is antiscor* 
butic, a statement which accords with the belief of the early explorers 
who used malt or spruce beer or sweetwort (an infusion prepared by 
pouring boiling water over malt and letting it stand for three or four 
hours and then using at once) as antiscorbutics. Svrcetwnrt is de- 
scribed in Cook's " Voyages " as one of the best of antiscorbutic sea 
medicines known, if used in time. The " high-dried kilned malt " 
used by modern brewers appears to have little, if any, antiscorbutic 
property.'* Dyke reports the results of an inquiry into the cause of 
an outbruuk of scurvy among u Kaffir battalion in France. The diet 
of this coomiunity was arranged so as to reproduce as nearly as pos- 
sible ih&t of the native kraals, including the provision of a native 
beer brewed from millet, of which Uurge quantities are regularly con- 
sumed in Africa. An outbreak of scurvy occurred although this is 
unknown among the Kafifirs under ordhiary conditions. Inquiry 
brou^t out the fact that the native beer was always brewed from 
geimmated grain, but that in. France the germination had been 
omitted. 

The common vrgctnbles show very considerable variation in their 
content of C. Davis found great variation even among different lots 
of fresh string beans. A litter of tliree guinea pige were successfully 

TO Chick and Delf, Rio* li, J. 13, 199, 1919. 
" Wiltshire, Lancet, 11, 811. 

n Comvie, Edin. M«L J. 1920, 207; Stevenson, J. R<qr. Anoy Med. Corpe, 
85, 218, IflOO. 

73 Weill, Mouriqnand and Peronaet^ C. t, floe. de. Bidl. 81, Jans 8^ 1918. 
»* Dyke, Lancet, 1918, ii, 513. 
r« Smitfa, Lancet, 1917, ii, 813. 
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reared on a ration containing 30 grams per day; 15 grams per day 
of canned string beans delayed, but did not prevent the onset of 
scurvy. Campbell and Chick obtained no protection with guinea pigiB 
on a diel eoiitainmg 5 g. per iiay of raw string tHjana/* 

The leafy vegetables have considerable protective power, fresh 
cabbage bebig pra-endiieiit in this respect. Davis found that 7 g. per 
day represented tb6 minlimim ration of oabbage necesiary to keep 
guinea pip in satisfactoiy condition. When reduced to 6 g. per day 
th^ lost weii^i. Chick and Rhodes*' reported that as Uttle as 
2 g. per day prevented the onset of guinea pig scurvy. 

Canned spinach was also found to give very different results when 
different lots were compared. Of four lots examined two were satis- 
factory and two were iinsatisfactory as a source of CV 

Of the root vegetables, the swede (yellow turnip) appears to be 
equal if not superior to all other sources of C. Chick and Rhodes 
found that only 2.5 c. c per day of the raw swede juice was required 
to afford complete protection against scurvy to guinea pigs; 20 
c. c. of carrot juice was required to give the same degree of protec- 
tion, and beetroot was less effective tlian carrot. 

Pot itoes, raw or boiled, may serve as an effective antiscorbutic, 
10 g. raw "° or 20 g. cooked for one^half hour at 100 " giving com- 
plete protection to guinea pigs. Report 38 of the Medical Reaearoh 
Conunittee says: ** 

Among roots and tubers the potato easily takes the first place in practical 
fanportenee, not so nmeh beeause of ito mtriiino vihia, but beouiM owing to 
ita abundtnoe, cheapness, and general acceptability large quantities are regu- 
larly eoogumed. There is no fioul t tliat in nnrthpm ^1i^1'^t«s the potato is of 
the utmost value in preventing scurvy during the winter and spring. Epidemios 
of weanry have repeatedly Idloirod failure of the potato hanraat, e. g. in Nor> 
«iy in IM4, lielaad in 1M7. Hie outbreaki of eeurvy reported in Qlaqgow, 
Manchester and Newcastle in the spring of 1917 an doubUeM to be attributed 
to the great aoaroity of potatoea at thai poiod. 

The Report goes on to say: 

Onions take a position between the more and the !r«? potent vegetables 
They po BBCM a q>e<aal importance, however, owing to tiie c&ae with which they 
em be transported, and are mueh appraeiated whetiher taw or eooked fay leasoa 

T« Campbell and Chick, Lancet, 1918, ii, 321. 
^ CSdck and Khodee, Lane, ii, 774. 

T« Davis, private cointiiwaication. 
'9 Chick and Rhodes, T-anrpt, 1918, ii, 77?. 
•0 Chick, Hume and Skeiton, Lwicet, 1919, ii, 774. 
*^ Qivena and McClugage, J. BioL Chenu 42, 491, 1920. 
Med. Bii. Com. (Loodoii) Baport 81, pw 60. 
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of their flavor. For these reasons they should always be included in rationing 
soldiers, sailors, or other commujaitieB of people at the end of long lines of com- 
mimicatioQ cut oS. irom fresh supplies. 

Davis " found that while the bulb of the onion contains some C it 
it ingufficient as the sole source of this vitamin for guinea pigs, even 

when fed at the rate of 20 g. per day. 

Thnt the inclusion of a 8mf\ll supply of vegetables in the diet is 
not necessarily a complete i^aieguard is deraonstrated by a case of 
scurvy reported by Wiltshire.** Sixteen patients, for a month be- 
fore admission to hospital, had been under a diet which should have 
not only prevented but actually cured scurvy. Eleven had received 
"plenty " of onions daily, and most of them had also had potatoes 
with rice twice a week and spinach twice a week. No alkali was 
used in the cooking of these vegetables, but the result observed pos- 
sibly may have been due to the destnicftion of &e vitamin by exces- 
sively long cooking. 

Aidmal products are less satisfactory than vegetables in antiaoor- 
bixtic power. Cow's milk is effective only when fed in relatively 
very large amounts. Corran •* reported that one pint of milk daily 
was insufficient to protect adults from scurvy on a diet defident in 
fresh meat and vegetables. Banes and Hume found that guinea 
pigs on a diet of oats f^.nd bran required from 100 to 150 c. c. and 
monkeys from 125 to 175 c. c. of milk per day respectively to pve 
adequate protection. Hart, Steenbock and Smith observed that 
absolute protection was secured for guinea pigs on a diet of onts and 
hay by the addition of 84 c. c of milk to the diet per day. Probably 
the antiscorbutic power of milk varies rather considerably according 
to the nature and quantity of the food eaten by the cow." 

Hess and linger report that feeding with whole eggs failed to 
delay the onset of guinea pig scurvy and showed no curauve effect in 
cases of infantile scurvy. 

Freeh meat is not without value, if fed in suffidenti amounts.- 
Lind observed that green turtle soup had curative power in scurvy 
eases. Willcox aseerts that fresh meat is a valuable antiscorbutic, 
Davis* private eommtmieatioQ. 

«< Wiltshire, Lanert 1918, ii. 811. 

" Curran, Dub. J. Med. Sc. 7, 83, 1847. 

Barnes and Hume, Bioch. J. 13, 306, 1910. 
" Hart, Steenbock and Smith, J. Biol. Chem. 38, 306, 1910. 
M Banies and Hwno, Bioeh. J. 18, a09, 1919; DotdMr, PlorMn sad Bles- 
ter. J. Biol. Chcm. 43, 901, 1990; Datdwr, BcUei, DsUo, Mead and Scbae- 
ier, Sci. 1920, 589. 

HeM and Unger, J. Biol. Chem. 6o, 479. 1918. 
M WiUcov, Luuet 1919, a, 979. 
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and Stefaaton*^ states that fresh meat in large quantities prevented 
and cured seurvy in his Arctic expeditions. Many additional cases 
drawn from the ezperienoe of explorers and pioneers are qooted in 
Beport 38 of the Medical Research Contmittee.** This Bqport draws 

tiie conclusion that scurvy can be prevented by the use of fresh meat 
alone if the ration large. The histon^ of Arctic experience is full 
of such cases. Dr. Rac» surgeon to the Hudson Bay Companyj in 
his evidence to the Scurvy Commissioners of 1876, stated that ammig 
the inhabitants of that district scurvy was almost unknown. The 
people subsisted almost entirely on meat, but the amount consumed 
was upon the following scale: Eight pound? fresh venison daily per 
man, four poun is per woman, two pounds per child. 

"Nansen uud Johansen, after leaving the Fram, spent two months, 
includmg the winter of 1895-6, on Frederick Jackson Island in a 
rudely constructed hut. They remained iu good health and free from 
scurvy although obtaining no lime Juice and no fresh vegetables and 
anhM^fig mainly on fresh walrus and bear meat preaerved by cold. 

"Jackson and Harley describe an interesting incident at Siarbo- 
rova, Yugor Straits, where six Russian priests arrived in the antumn, 
attended by a small Russian boy. The priests by their religioiis vows 
were prevented from eating the fresh meat available; they subsisted 
on salt fish and there were no vegetables. In the following May the 
little boy was found to be the only surviving member of the party, 
and had buried all his late masters in tlie snow. He suffered from 
no religious prohibitions and had fed largely on reindeer meat 
through the winter. A further in?t;mpe \^ providnd in the experience 
of Scott's first expedition" where an outbreak of sturvy waa cured 
by the inclusion m liie dietary of large quantities of iresh s( :il meat. 

** From Colonel Hchir's report on the medical history of the siege 
of Kut it is clear that in this case also British soldiere were protected 
from scurvy by their regular ration of meat or horse flesh, but the 
amounts they consumed were considerable, 8 to 20 oz. daily. The 
Indian troope in Kut, on the other hand, who were vegetarians, suf- 
fered severely from scurvy. 

" Tinned ajid preserved meats can be dismiaiied in a word, as not 
offering any suitable protection from scurvy. Meat in its fresh con- 
dition contams the anti-scurvy factor in comparatively low concen- 
tration, and after exposure to the temperature necessary for sterilisa- 
tion it is scarcely possible that any sigmficant anti-scurvy properties 
should be retained. 

n Stefanson, J. Am. Med. Am. 71, 1715, 1918. 

" Med. Res. Com. London, BpwaX Beporfc 38, p. ^ 

** " Vqyase of the DiBoovexyJ* 
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"The value of frozen meat is probably intermediate between that 
of fresh meat and tmned meat and, in any case, is likely to be low, 
especially if it has been for a long period in the frozen condition." 

Wiltshire •* found that of 132 cases of scurvy whose previous 
diet was investigated, all had received a ration of frozen fresh meat 
practically ever>' day, and of 175 other cases very few had received 
it leaa than three times a week. In the case of tinned meat the vita- 
min aeema to be oompletely destroyed by the temperature needed for 
canning. 

Similar results were noted Comrie.** Chick, Hume and Skd- 
ton ** could detect very little beneficial effect when meat juice was 
fed to guinea ings, although 20 cc. per day gave sli^t protection in 
some cases. Dutcher, Pierson and Blester *^ found thai the addi- 
tion of water extracts of raw lean boef (equivalent to 5, 10, 16 or 20 
grams of beef) had no effect on the time of onset of scurvy or on the 
length of life of the animaU. That the beef extract contained no 
deleterious ingredients was shown by the fact that when orange juice 
was added to the diet in addition to the beef juice, there was no 
scurvy and the nniiiials were maintained in excellent condition. 

Hughes, Payne and Fox have carried on experiments which tend 
to show that hens supplied with food having a low vitamin content 
will produce eggs similarly low m vitamins. They further observe 
that eggs from hens receiving a feed having a low vitamin content 
yield a smaller proportion of strong, vigorous chicks than eggs irom 
hens receiving a feed well supplied with vitamins.** 

Wiltshire, Lancet 1918, ii, 811. 
Comrie, Edin, Med. J. 24, 207, 1020. 
M Chick, Hume and Skehon. Bioeb. J. 1918, 12, 131; Luie. 1919, IL 832. 
Dutcher, Pienon and Bietter, J. Bid. Cbem. 48, 801, 1900. 
Am. Food. Jour., Oct. 1981. 
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CHAPTER V 

TH£ STABILITY OF THE VITAMINS WITH REGARD TO CONDITIONS 
OF HBATIKG, DRTUXQ, AND STOSINO. 

The effect of heating, drying, and storing upon vitamins is of 
serious import in conneetion with the methods used in prt^Mring 

foods. It is generally conceded that fresh foods are more valuable 
than those which have been preserved, and that a diet should if pos- 
sible include a certain amount of uncooked food, but the basis for 
tliis belief must be investigated. 

The vitamins, which are known to be highly Fcnsitivc to rcrij^pnts, 
are the constituents of foods which would seem most likely to undergo 
undesirable alteration during licating and dr\nng. Unfortunately 
here, as in many other questions connected with the vitamins, authori- 
ties are by no means agreed * 

Chick and Hume and Davis have referred to the unsatisfactory 
character of much of the data given in the literature.^* Chick and 
Hume in experiments on the effect of temperature on vitamins note 
that the temperatures given are usually those registered by the auto- 
clave or steamer used, no measurement being made in the interior 
of the substance heated. This is an important point, as the latter 
temperature remains for a surprisingjiy Icmg tee far belo«r the former, 
especially if the material investigated has a low conductivity, which 
is true of most foodstuffs, particularly if fairiy dry. Dwris remarks 
that for comparative purposes with cooked food it is important to 
know how it was cooked, bow long, the state of division, the amount 
cooked at a time, the amoimt of water used if boiled, the temperature 
if baked, and the interval between cooking and consumption. The 
data concerning commercial preserved food is interesting from an 
economic standpoint but is of little scientific value since the condi- 
tions under which is was prepared are not accurately known. 

> A ■ummaiy of lbs fietan ^ifluawing the yitman oonteai of foods it ^vm 

by Dmcher (J. Ind. Eng. Chem. 1021, 1102). 

u Chick and Hmn^ Proo. Eogr. Soe. (London) 90 B, dO. Davis, J. Homo 
Eooo. 12, a06, 1020. 
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yitamm A was nportod by the earlier inveetlgatorB as Yeiy stable 
to heat. HcColIiim and Davis' found it present in the ether sk- 
tract of boiled egg yolks. Osborne and Hendel ' stated that pass- 
ing live steam through butter-fat for two and a hnlf l ours or longer 
did not destroy its nutritive efficiency, and McCoUum* supported 
their evidence by the statement that the A in butter-fat was not 
destroyed by heating to 100*^ for over an hour. A curious fact was 
noted by Osborne and Mendel ^ wlicn they separated butter-fat into 
a high and a low meltmi; f)ortion by fractional crystallization from 
alcohol. In the butter " oil " in which vitamin ^1 is more concen- 
trated, deterioration occurs on keeping, even in al»^' m e of light, to 
such an extent that within a year the potency is aliaost completely 
loat, while some of the same lot of butter-iat from which this oii 
had been prepared waa still effective. 

Dmmmond * f otmd that low grade whale and cod liyer oil which 
had been prepared by steam digestion of the tissues were still rich in 
A and condnded that the vitamin was therefore thermo-stable. In 
a later experiment he used a high grade whale oil which had been 
treated with sod^ to remove the free fatty acids, and subsequently 
elarified with fuller's earth. It was rich in ^4 as demonstrated by 
experiments with tats, while a similar sample hardened by the usual 
process, involving exposure to hydrogen gas at 250° C. for 4 to 6 
hours was found entirely deficient in In order to test whether 
destruction is brought about by reduction of some unsaturated sub- 
stanre or simply by high temperature the oil was heated to 250° C. 
for four hours. It proved destitute of A after this treatment. Next, 
samples of whale oil were heated to 100*^ and ISC' for four hours 
respectively. In both cases destruction of A was almost complete. 
Eventually he concluded that the vitamin in both butter-fat and 
whale oil ' was readily destroyed by short exposure (one hour) to 
100°. Destruction occurs, but is less rapid, when exposed to temper- 
atures ranging from 50 to 100*^. Exposure of oil to a temperature 
of 37^ for several weeks may cause destruction of ^ if contact with 
air or oxygen is extensive. 

Commenting on these results, Osborne and Mendel * remark: 

* McCoHhib sad Davis, Proe. 8oe. Exp. BioL Med. 11, 101, 1919. 

* Osborne and Mendel, J. Biol. Chem. 20, 381, 191f. 

* McCollum, Am. J. Pnhl. Health 8, 191, 1918. 

6 Osborne ind Mendel, J. Biol. Chem. 24, 37, 1915. 

* Drununond, J. Pbyaiol. 52, 95, 1918-19. 

n DnBUBoad, Buwh. J. 18; 81, 1919; Drammond and Coward» 76. i4> 984i 

* Osbocne and Mendel, J. Biol. CSkem. il, fi67» 1920. 
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la eoiuidflriiig Dnmnnoad's eipefiiiM&tt cm k tUnuk bgr Um iMt <Im* 

even with six per cent of unhealed butt«r-iit in the diet his control rats graw 
at much !i .-v- t!ian the normal mtc. This it contrary to the pxperience of sev- 
eral iDvestigatora, including ourseives, and r&imea a question as to the value of 
Hm ontmted tmtterwfBt or the food inteke of the animals used by him. At 
any nte the feeaon lor the diaeraiMiieieo tietiroeB ua it noi appamit 

In confirmation of their earlier experiments they iieated dry butter- 
fat in an air bath at 96° for 15 hours without destroying sulficient A 
(if any) to render the butter-fat noticeably less efficient. They point 
out, however, that their butter-fat was fed in amounts which were 
probably well above tlie minimum and that a certain amount oi de- 
struction might therefore have escaped detection. 

StMnbock^ Boutwell and Kent ' fotmd ihat 12 per eiofe of butter- 
fat which had been heated to 100^ for four hours was less ^Icienfc 
for the nutrition of rate than 5 per cent unheated butter-fat incorpo- 
rated into a Bunilar basal ration. It is to be noted that their expen- 
ments showed a very considerable variation in different butter-fats 
which had been subjectod to the minimum heat necessary for 
separation of the fat. While 5 per cent in the diet was usually suf- 
ficient as a source of A there were numerous instances in whidi this 
amount proved unsatisfactory. 

Recent experiments of Hopkins appear to demonstrate conclu- 
sively that the discrepancies in the results of different observers are 
due to different degrees of aorntion while heating. This hypothesis 
finds confirmation also in the work of Drummond and Cowar i (1. c ). 

Zilva'* has ohsorved thnt ultraviolet rays have a destructive effect 
upon the vitamm A in butter-fat. Butter and cod liver oil exposed 
for 8 hours to ultraviolet light un(lerg(K?8 a very noticeable cliunge and 
the A in it becomes inactivatt'd. That the slight elevation of temper- 
ature is not responsible for this is seen from the fact that addition of 
butter kept for 6 hours at 35° at once induces growth. On the other 
hand, the experimental evidence Indicates clearly that the inactlva- 
tion is due to the oaone formed by the action of the ultraviolet rasrs 
upon the oocygen of the air. Zilva suggest* that the seme effect 
would probably be brought about in exposing milk to ultraviolet rays, 
a pomt which is worthy of consideratiim inasmuch as this method has 
been proposed for sterOising milk. 

Animal tissues (the brain, heart and liver of the pig) which had 
been dried at 90** were found by Osborne and Mendel^ to retain 

• SCeenbock, BoutweU and Kent, J. Biol. Ghsm. 8S, 517, 1918. 

»• Hopkins, Biochem. J. 14, 7?1, 1020. 

" Zilva, Bioch. J. 13, 165, 191S; 14, 740, 1920. 

as Osborne and Mendel, J. Bid. Chem. 31, 17, 1918. 
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a considerable amoimt of A, but then materiato irare fed at a high 
level 80 that a small amount of destruettoii would not neeeasarily 
have been detected. 

Steam-treated palm keniel oil is lecommended as a control fat by 
Stammets.*' By passmg steam througli this oil for three or four hours 
at a temperature of 230^ to 260° C. the oil is rendered quite free from 
vitamin A, 

Steenbock and Boutwell found A as it occurs in a grain, in 
leaf and stem tissue, in fleshy roots, and in a cucurbitous vegetable 
like squash, to be comparatively stable at high tcrapcratiirc. Treat- 
ment consisting of autociaving idr tliree liourg at 15 pounds pressure 
(120** C.) does not destroy any of the A m yellow corn, nor does it 
cause any noticeable destruction of the A in chard, carrots, sweet 
potatoes, or squash as demonstrated when these vegetables were fed 
in amounts varying irora 5 to 15 per cent of the ration. If some de- 
struction occurred it was not detected, but with the amount fed tlie 
investigators believe that it could not have occurred to any consider- 
able degree, otherwise normal growth or long continued growth with 
reproduction would not have been possible. In the case of alfalfa 
the data was not dedsive, but it appears that the destnietion, if any, 
was too little to induce deficiency in the ration. No deleterious action 
of the ensiling process on A could be demonstrated in a short-time 
eqieriment.^^ 

Sure^ Bamett and Read " report that the vitamin A present in 
the Georgian velvet bean is stable after autociaving for one hour at 

15 pounds pressure. 

With regard to the heat stability of the A present in green cabbage 
leaves, Delf " reported that heating for a half hour at temperatures 
from 100 to 120° caused slight though perceptible deterioration. After 
heating at 130° for two hours, however, a serious amount of destruc- 
tion had taken place. Delf and Skelton " estimated that 86 per 
cent of the A in cnbb;ige was lost when the cabbage was dried ut a 
low temperature and stored for two weeks. Osborne and MendeP' 

1* Stammert, Biochem. J. 15, 489, 1921. 

u Steenbock aad Boutwell, J. Biol. Chem. 41, 163, im 

Fftt-eotuble il If not deetroyed, aeoonliiis to Steenbock, Sell ead BveU, 

by treatment in the proportion of 1 gm. of fat to 2 c. c. of 20% alcoholic potash 
at 37" C. for 4 hours and for 30 minutes at the boiling temperature. (Steen« 
bock, bell and Buell, J. Bid. Chem. 47, 1921). 

Sure, Beniett end Read, Proo. Boo. Biol. Ghem. J» Biol. Chem. 46, U, 

1921. 

i« Delf, Bioch. J. 12, 416, 1918. 

" Delf and Skelton, Bioch, J. 12, 448, 1918. 

u Osborne imd Mendel, J. Biol. Chem. 41, 557, 1920. 
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elaim, however, that these experimenti lack adequate oontioLi and 
an nob eonvuieiiig. 

TfuA drying does not neoeflsarily bring about deatnietion of ii is 
demonstrated by the aueoeafal experiments of Osborne and Men- 




Ao. 4— The rsdiUuMe of tiie ftfe-eoluhie vitudn to dettnietioii by 
H^xmificatioB of the fats in cod liver oil and butUf ft t ia indicated 

by the above cun'es showing the prompt recovery of growth in rata 
when an ether extract of a solution of the soape wae added to the baoal 
rations. 

Oourlav of Ptaf. H. Steenboolt, M . T. Sail, M. Y. Budl and Joumal 
of Biological Ownuiby (47, 109, im). 

dd^ with rats on a diet Including only 0.1 g. of tomato which had 
been dried at HO* as the sole source of A, McCoUubi*^ discounts 
the effect of heat on this vitamin entirely, asserting that there is not 
the slightest danger of destroying the growth-promoting substances 
in fruits and vegetables by the ordinary canning proosMSS. Campbell 

i> Osborne and Mendel, J. Biol. Chem. 41, 549, U80l 
*• McCoUion. Am. J. Fub. Hiaith, 8^ 191, 1918. 
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and Chick have reported/^ however, that canned "greeii4eaf veflB- 
tabla " are lacking in A unlesB the liquor is included in the portion 

eaten. 

As a result of his earlier work, Drummond was of the opinion that 

the deftruction of A at high temperatures could be neither an oxida- 
tion nor a hydroJytic process. Later evidenrr, hnwcvrr, led him to 
agree with Hopkins'** that this is an oxidation procc-^s.'^ On the 
other hand, Stecnbock, Sell, Nelson, and Buell '* have recently re- 
ported that the extract of A obtained from alfalfa is not destroyed 
by oxi lation with hydrogen peroxide or by reduction with nascent 
hydrogen. 

Commenting on the lack of uniformity in the observations reported 
from dliferent aouroee, Steenbock and Bomwell oonehide that the 
data of the different investigates in this field are subetantially true 
to fact and that the variance of opinion is due to a fMlure to appre- 
ciate that the reaction of destruction may be one of low velocity 
impeded or accelerated by secondary factors. For example, in a 
ration iwnfftining twice as much vitamin as necessaiy for normal 
growth no evidence of its destruction would of course be obtained 
even though one-half of the amount present might have been de- 
stroyed by the treatment. In addition, there is no doubt, according 
to Steenbock and Boutwell, that there obtains a great difTereooe in 
the stability of the vitamin as found in different materials. 

The antineuritic vitamin appears to be somewhat less stable than 
the vitamin A. Its prest rn e in dry grains and other dried foodbtuffs 
shows that it can withstfuni desiccation, and there is much evidence 
to indicate that heating at the temperature and for tlie length of 
tune ordinarily employed in the cooking of food produces compara- 
tively little if any destruction of the antineuritic properties, but at 
temperatures above 100^ C. the rate of destruction appears to increase 
rapidly. Observations to this effect were recorded fay Mme of the 
earlier observers, althou^ their e]q)erimente were not carried on 
quantitatively. Griins"* showed that one-half hour^ eacposure to 
120^ 0- destroyed the antineuritic power of unmilled rice and " Kat» 
jaag idjo" beans. Bijkmaa*' found that seeds which had been 

n CuupbcU and CUch^ I«uwi 1019, ii, S20. 

22 Hopkini, Brit. Med. J. 1919, ii, 147. 
*• Drummond and Coward, Biochem J, 14 , 661, 1920. 
M Steenbock, Sell, Nelton, and Buell, Froc. Soc. Biol. Chem. J. BioL 
Ghem. 4B, TTKXn, 1081. 

>• Steeniwck and BoutweU, J. BkL Chcm. 41, 164, 1000. 
a« Grijns, Geneesk, Tydachrift i Ned. lad, 1001. 
>T Eijkman, Arch. f. Hyg. 68, 160, ie06. 
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heated from 115 to 135° for two hours liad little protective action 
against polyneuritis. Hoist reported that dried peas and uDpeeled 
barley did not lose their antineuritic power on heating to 115*^ for 
half an liour. Weill and Houriqiiaad ** found that bwlqr, rioe 
and maise wUeh liad been heated for an hour and a half at no 
looier poBBesaed any antinmuitic property , and Bnunett and Lum ^ 
report that while heating for 120® for one hour had no effect on the 
antineuritie power of unmilled rice it waa partly destroyed ai the end 
of two houta and completely destroyed in six hours, and that the 
vitamin waa e^I less stable to heat after it had been extracted from 
its natural souroe. Curiously, rice which has completely lost its anti- 
neuritic power was still ahie to promote the growth of young rats. 
Braddon *^ states that persons eating parboiled rice did not contract 
beriberi provided the pericarp had not been removed by one boiling 

In a carefully conducted expennu'nt by Chick and Hume ^'^ the 
antineuritic property of wheat embryo as tested by itg curative effect 
on polyneuritic pigeons was unaffected by heating to 100° C. for two 
hours; after 40 minutes at 113° its curative effect was reduced by 
one-half, and after two hours at 118° to 124° the antineuritic activity 
was 1^8 than one-fourth that of untreated material. 

McCoUum and Davis" reported that heatmg to 120° for one 
hour did not injure the growUi-promoting properties of wheat em- 
bryo, but their results are open to the oritldsm that the wheat embiyo 
was fed at too high a level (13 per cent of the diet) to show whether 
partial destruction had taken plaoe, since they themselves had found 
that two per cent of unheated wheat embryo waa sufficient to induce 
normal growth. McCollum, Simmonds, and Parsons ** found that 
peas which had been cooked under 16 pounds pressure for an hour 
and a quarter and then dried in a current of hot air when fed to the 
extent of 26 per cent of the diet provided enough B to enable young 
rats to grow at normal rate to full adult siiei but here again the 
amount fed was probably far above the and considerable 

destruction may ha%'c escaped notice. 

Miller," using the Williams yeast test for calcuhit-ed that by 
boiling na\^ Ik ins for 30 minutes at 120° a loss of 40.6 per cent of 

»• Hoist, J. HvR. 7, 019, 1907. 

" Weill and Mouriquand, C. r. soc. biol. 78, 649 ; 81, 432. 1918. 
•0 Eounett and Lurot, J. Biol. Cbem. 43, 265, 19%. 
*^ Braddeiit ** TIm Ctxm and PraveDtion of BerflMti." Londont IMBT- 
•» Chick and Hume, Proc. Roy Sor 90 B, cr, 
" McCollum and Davii, J. Biol. Chem. 23, 191, 247, 1915. 
M McCoUum, Sixnmonds and Parsons, J. Biol. Chem. 37, 287. 1919. 
MUer, J. Biol. Chem. 44, 159, im 
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the growth-promoting power was brouc^t about and that practieally 
the same Jobb (37 J per oent) was broui^t about by boUing In 0J( per 
cent flodium biearbonate aoliition for one hour and ten minutea. 
Dsvia** found that seeds suffered a eon^Iete loss of B on heating for 
two and a half hours to 120® C, althougjh at the end of 35 minutea 
at this temperature there was sufficient vitamin left to keep pigeons 
in good eondiUon for 280 days. 

It seems clear, therefore, that so far as grains and pulses (peas 
and beans) are concerned tlic B vitamin is unquestionably destroyed 
by heating to 115° to 120' for one to two hours, while deterioration 
is much slower at 100^ and may therefore be inconsiderable in the 
course of ordinary cookinp;. 

Yeast is affected in much the same way, a teTnperatiire of 120° 
bringing about complete destruction of the vitamin content in two 
hours, while 100° seem? to be ineffective.'^ The yeast vitamin seems 
to be less stable when separated from the yeast plant than when in 
situ, since Myers and Voegtlin"' found that the active precipitate 
from autolyzed yeast becomes inactive oo drymg al room tempera- 
ture. In this connection it may be noted that Brill found the vita- 
min content of hydrolyaed extract of rice poliahingi to deteriorate 
somewhat with agSt** 

Karr ^ states that drying at 100^ C. does not affect the antineuritic 
effldency ni yeasty tomatoes or mi&, but autoclaving at 120^ C. for 
three to four hours leads to some destruction. 

Miller (loe. dt.) found that earrots wkea tested by the WiUiania 
method had apparently suffered no loss of B when heated to 115^ for 
46 minutes. Whipple»^ using a modification of the same method, 
reported that cabbage had lost some but not all of its B on boiling 
for 30 to eo minutes at 100° C. Davis " states that while eight 
grams of raw potato supplies suflBcient antineuritic to keep pigeons 
in ^ood condition for 590 days fin cqiml amount of either boiled or 
baked potato failed to give complete protection. Two ^rams of com- 
mercial dried potato pave no protection, but four grams had some 
protective power; though the expermient was not carried to its con- 
clusion. 

»« Davis, J. Home Ec 12 , 209, 1820. 

Chick and Hume, J. Hoy. Med. Corps, 20, 121, 1917; Bmmett and 
Loros, Ftoe. Boo. BkL Ghem. J. Bid. Ghem. 41, vii, 1990. 
*• Myen and Voegtlhi, J. Bid. Ghem. 42, 199, 1920. 
»«» Brill, PhiL J. Sci. 12, 109, 1917. 

Karr, J. Biol. Chem. 44, 255, 1921. 
41 Whipple, J. Bid. Chem. 44, 176, 1920. 
«• Devlei jr. Home E«. 12, 909, 1900. 
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With xtgBod to the antineuritic vHamm foimd in animal products, 
Grijns noted that ocpoaure lor one^lialf hour to 130** C. destroyed 
the antinuerttic faetor of buffalo meat, and Hoist ^ found some loss 
of anthwuritio power in beef after heating to 110^ C. for half an 
hour. The destruotion was more marked after exposure to 120^ C. 
for an hour. Schaumann** induced polyneuritis in dogs by a diet 
of horse flesh heated from one to three hours at 120° to 130** C, but 
£ijkman** did not succeed in destroying the antineuritio power of 
horse flesh by heating to 120° C. for two hours. 

According to Weill, Mouriquand and Michel while an exclusive 
diet of raw, frozen or salted meat failed to produce nervous disorders 
due to nutritional deficiency, cats which had been given an exclusive 
diet of cooked meat succumbed with symptoms of inanition. Stcnl- 
i«ed meat caused the appearance of nervous disorders after 35 to 39 
days. AgiDg of the sterilized meat appeared to reduce the time 
required for such manifestations. Meat which had been sterilized 
and then kept 14 months caused nervous manifestations due to nutri- 
tional deficiency after 25 to 35 days. The symptoms were similar to, 
if not identical with, those produced in pigeons by feeding decortioated 
oereals. 

Milk, at best, is not rieh m the antineuritic factor and prdlonged 
heating probably has a deleterious effect upon it. Stepp ^ suoested 
that the nutritive value of milk was somewhat lessened by boiling aa 
it was neoessary to use rather more boiled milk than raw to supple- 
ment a diet of bread which had been extracted with alcohol, but it is 
open to question whether this is due to destruction of the vitamin 
or to some other effect.** McCollum and Davis found that whey 
from which the casein and albumin have been removed still possesses 
growth-promoting properties after heating to 120° for six hours, and 
would induce normal growth when fed at high level, and Osborne 
and Mendel " were led to conclude from their own observationa that: 
" We have no reason to believe that the nutrition-promotmg proper- 
ties of milk are lost by brief periods of heating." That prolonged 

*• Grijns, Geneesk, Tidjsclinft v. Ned. Lit IMl, 

«« Holit, J. Hyg. 7, 619, 1907. 

*» Scnaumann, Arch. f. SchifTs. Trop. Hyg. Bcihefte 3, 14, iyiO. 
«• Eijkman, Arch. f. Hyg. 58, 150, 1906. 

«v Weill, MowiqiWBd and Mlchtf . Compl raid. soe. bioL 70, 180, 1»M. 
«• StepiN Ztadb. Bid. 1911, ST, IM. 

See Ch. 

McCollum and Davit, J. Biol. Chem. 23, 217, 1915>ld; Funk aad Ma- 
callum, J. BtoL Chem. 27, 51, 1916; Bmmett aod Lnroa, lb. 38, 267, 1019. 
n Otbont and UmM, J. BioL CSMm. H Ml, 1918. 
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heating at a hig^ temperature may, however, oause eeriouB dekeriora- 
tion of milk with respect to ite aDtineuritic power k suggested by the 
work of Emmett and Luros ^' who separated the vitamin from 
protein-free milk with fuller's earth and used this in the treatment 
of polyneuritic pigeons. Wiule 0.6 g. of the nnhAftiflrf material was 
unfailingly successful in promoting a cure, an equal amount of ma- 
terial which iiad been heated for six hours at 120^ C. had no notice- 
able effect. 

According to Chick and Hume ** little antineuritic factor is likely 
to be present in canned and sterilized foods. Daniels and McClurg" 
disputed this on the evidence of their experiments in whicli nunnal 
growth was secured with youog ruts on a diet in which the only pourc e 
of B was in the form of vegetables (soy or navy beans or cabbage) 
which had been cooked in a pressure cooker at 120** C. for 20 min- 
utes, boiled in distUled water for 45 minutes, or boiled in a dilute 
alkali for 90 minutes. The various methods of treatment are said 
not to have appreciably affected the vitamin content. Tlieir results 
ars vitiated, however, by the fact that the heated vegetables were 
fed in large exoess, the equivalents of 60 g. navy beans, 56 g. of soy 
beans, or 250 g. of cabbage for every 100 g. of dry food. ICcCollum, 
Simmonds and Pits found 25 g. of navy beans per 100 g. of dry 
food sufficient to supply the vitamin needed for normal growth, so 
the vitamin content of the vegetables might have been reduced by 
one-half in the above experiments without detection 

The pffpot nf rndium emanation on the vitamin B in yenst has been 
studied by Funk " and by Suguira and Benedict. " Funk reported 
no loss of activity in the yeast extract with regard to either anti- 
neuritic or growth-promoting effect, after exposure to radium, but 
Suguira and Benedict disagree with him concerning the growth- 
promoting power, claiming that this factor may be partially inacti- 
vated by exposure to radium emanation. The reason for this dis- 
crepancy is not apparent. 

The antieoorbutic factor is the most sensitive of the three vitamuu 
to heat and drying. The failure of dried vegetables and herbs and 
preserved meats and fish to prevent or cure outbreaks of scurvy has 

** Bnnmtt and Loros, J. Biol. Ghtm. 48, 985, 19B0. 

Seidell. Bull. Hyg. Lab. U. 8. P. H. 1916, 31, 3&1. 
M Chick and Hume, J. Roy. Med. Corp?, 29, 121, 1917. 
B« Daniels and McClurg, J. Biol. Chem. 37, 201, 1919. 
B6 McCollum, Simmonds and PiU, J. Biol. Chem. 29, 521, 1910. 
■r ifuDk, Ftac Soo. Bip. Biol. Med. 14, 9, 1910. 
M Sngoita and Bs&ediet, J. BioL GStem. 89, 491, 1919. 
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been demoostrated repeatedly in the naval history of every country."* 
Stef amon ^ has asserted on the baaaa of his Arctic eaqwrianee that 
the antiscorbutic properties of fresh foods are diminished or entirely 
lost in the course of any of the ordinary methods of preservation, 
canning, pickling, drying, etc. Chick and Hume *^ assert that aU 
dried foodstuffs, including desiccated vegetables examined by them, 
are more or less deficient in antiscorbutic vitamin. At first they 
thought the temperatiire at which the tissues were dried seemingly 
was a matter of indifference, but later work indicates this statement 
to be too sweeping. 

The partial or complete loss of C during heating has been recorded 
by many observers working witli many different foodstuffs. Cab- 
bage, which is rich in C in thp raw state, has been a favorite «iibject 
for experimentation. Ccmnpbell and Chick found that heatmg in 
water for about one hour at 90'' to 100° C. causi d a loss of about 
70 per cent of the antiscorbutic power of cabbage, and state that 
further loss may be expected to take place if the canned material is 
stored for any length of time before feeding. Delf estimates that 
about 70 per cent of the original value of cabbage is lost after one 
hour's heating to 60** C, and over 90 per cent after the same period 
at 90^ C. Twenty minutes heating at 90^ to 100*^ C appears to have 
practically the same effect as heating for an hour at 60** C. In these 
experiments a small amount of cabbage was added to a diet of grain 
and autoelaved milk which had been found to produce scurvy when 
fed alone. When the autoelaved milk was omitted and the cabbage ra- 
tion was increased to from 15 to 30 g. the destructive effect of heat was 
less noticeable, even when the cabbage was heated to 100^ to 130° C 
for one to two hours. Delf suggests that this may be due to the fact 
that in the later experiments with the larger ration both A and C 
were drawn from the same source. Much evidence has been accum- 
ulated by the group of workers at the Lister Institute of Preventive 
Medicine, London, pointing to a distinct and separate action of these 
two factors in the nutrition of young guinea pigs. Tozer has, how- 
ever, found that a lack of growth fat-soluble factor in the diet is 
accompanied by a series of changes in the histology of the nb- 
junction which i^ uhaost indistinguishable irtJin tliat caused by a 
sliglit deficiency ui antiscorbutic factor. It is therelurc not impos- 

»• Soe Ch. XII. 

«° Stefanson, Jour Am Med. A.ss. 71, 1715. 1918. 

•» Chick and Hume, Tr. Soc. Trop. Med. Hyg. 10, 141, 1917. 

«s Campbell and Chick, Lancet, 1919, ii, 320. * 

«• Dttf , Bioch. J. 13, 416, 1918. 
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Bible that the antiscorbutio value of a diet may be enhanced and may 
flhow greater heat stability when the antiscorbutic factor and the 

growth fat-schi! le factor are derived from the eame foodstuffs* 

Hoist and Frolich** found that freshly expressed cabbage juice 
lost its antiscorbutic power after heating from 60° to 100° C. for ten 
iTiiniite«. Tlip destruction was not so complete if the juice was acidi- 
fied ^Mth 0-5 per cent of citric acid before heating. Delf failed to 
contirra this result with acidified cabbage juice, and Hoist and Fro 
lich themselves found that the pro>Joncc of acid did not prevent the 
destruction of the C in dandelion or sorrel juice. 

According to Givens and Cohen cabbage which has been heated 
in an oven for two hours at 75° to SO C, then dried ut 55° to 70° C. 
for several days loses its antiscorbutic power completely. Cabbage 
which has been cooked for 30 minutes, then subjected to drying for 
two days at 86* to 70** is likawise devoid of antiscorbutic power. 

BUiSy Stcenbock and Hart *^ report that desiccation at 66^ C. even 
in an atmosphere of carbon dioxide causes destruction of the anti- 
scorbutic in cabbage, which indicates that the destructive agency in 
this ease is heat rather than an oxidation. On the other hand, the 
same eicpenmenters find that oxidising agents will destroy the C in 
orange juice, although it is not affected by aeration.*^* 

With regard to other vegetables there are fewer observations, but 
the general trend is the same. Campbell and Chick ^'^ found that 
string beans which had been heated to to 100'' C. for an hour on 
two successive d.ws had lost about 90 per cent of their content of C. 
Chick and Delf note that a considemblo amount of the antiscor- 
butic power generated in dried peas and ieuiils on germinating is de- 
stroyed by boiling, and that the cooking of these should therefore be 
as Fhort as possible. McClendon, Cole, Engstrand, and Middle- 
kauf assert that heating at 70° C. gelatinizes the starch without 
destroying the C in sprouted cereals. They base this statement on 
the fact that a guinea pig lived for 34 days without ^bowing scorbutic 
symptoms on an exclusive diet of sprouted cereals which had been 
heated to this temperature. 

•* HoUt and Froiich, LUchr. ilyg. 72, 1, 1912. 
«• Del( Bioeh. J. 13, 418; 14, 311. 

«« Givens and Cohen, J. Biol. Chem. 36, 127, 1918 

" Ellis, Steenbock and Hart, J. Biol. Chrm 46, 3i]7, 1921. 

Se« also the work of Sherman, LaMer and Campbell referred to oa 

p. 102. 

Loe» eU. 

:*.*: : : Chick and Delf, Bioch. J. 13, 199. 

: : ' TO McQeadom Cole, Bncttrand aod Middlekaaf» J. BioL Chem. 40, 243» 
1820. 
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Delf " found that swede juice was more stable to heat than cabbage 
juice, although the vitamin content is partially destroyed by beating 

to 130° C. 

Denton and Kohman could detect no loss of C in carrots which 
had been cooked in the ordinar>' manner or canned by the cold-pack 
method, but their experiments were carried on with rats, a species of 
animals whieh are not suaoepkible to scurvy. Hess and Unger/' 
on the other hand, found considerable loss of C on boiling oarrots for 
45 minutes, as demonstrated with guinea pigs fed on 35 g. of carrots 
per day added to a basal ration of bay, oats and water ad Ub. These 
investigators noted a great variation in the nutritive value of old and 
young carrots, and suggest that a similar difference exists between 
old and young specimens of various other vegetables as well, a vari- 
ability which makes it very diff ult to prepare a table of the com* 
parative antiscorbutic value of different foods. Old carrots have a 
two-fold disadvantage in that they contain less antiscorbutic body 
than younp vegetables and that they require additional boiling, wliich 
still further derrra^os thoir limited supply of this food fartor, 

Tomatoes appear to retain their anti«rnrhutio properties better 
than do many otiier vcget^ibles, although .^oinc dotruction undoubt- 
edly takes place. According to Givens and McClugagc,^* a daily 
supplement of 2.5 g. of fresh raw tomatoes will protect a guinea pig 
from (:xj)irimental scurvy on a diet which is adrquatt in other re- 
spects but devoid oi any other source of C. When the tuuiatoes arc 
heated at 100° C. for 15 minutes or longer a larger daily dosage must 
be supplied to insure protection against thu disease. Tomatoes 
canned according to the usual commercial method, heating under five 
pounds pressure for 10 minutes, will prevent scurvy in a guinea pig 
when fed in daUy portions of 10 g. and this same amount proved 
sufficient for protection when tiie heating was increased to 90 minutes 
at 15 pounds pressure. Hess and Uager ^ found 5 c. c. of canned 
tomatoes per day sufficient to protect guinea pigs against scurvy, 
and in some cases even a less amount than this was adequate. If the 
tomato is boiled Hess and Unger likewise found that this vegetable 
loses somewhat in efficai^, although 5 c. c. of it was still effective as 
protection. In further experiments it was found that pigs receiving 
10 c c of canned tomato daily throve as well as those which received 

Delf, niorh J. 14, 21 1 
^3 Denton and Kohman, J. Biol. Chem. 36, 249, 1918. 
*n Hiw nd Unger, J. Biol. Chem. 38, 293, 1019. 

Oivcns and MeDogtge, Piroo. 8oe. BioL ChmtLt J. Biol. Chem. 41, siir, 

1920. 

HiSS and Uager, J. Biol. Chem. as. 20, 1010. 
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60 e. c. It WM found also that pigeons suffering from polyneuritis 
could be cured by giving them 5 e. c. daily of this foodetaff. 

Hest haa anived at the interaathig oonctuaion that the juioe of 
canned tomatoea is one of the most valuable sources of vitamins. In 
most cases fruit or vegetable juices contain one or at most two vita- 
mins while in the tomato are present all three, A, B and C. On the 
basis of lower cost Hess recommends the juice of canned tomato in 
preference to orange juice in the feeding of infants. An ounce per 
day is sufficient for the average child/''* 

Sherman, LaMer and Campbell ^* studied the time curve of the 
destruction of C in filtered canned tomato juice, and concluded from 
the low temperature coeffirirnt and the colloidal nature of the ma- 
terial that the reaction, in this case at least, is of the heterogeneous 
type, with diffusion playing an important role. Oxidation does not 
appear to be an important factor.'** 

Chick and Rhodes"' found 20 g. per day of cooked pnt:ito neces- 
sary in order to protect guinea pigs against scurvy. Givens and 
McClugage fed potatoes, raw, cooked and dried under varying 

T«* Am. Food. Jour. Oct. 1921. 

^* Sherman, LaMer and Campbell, Soi. Aug. 26, 1921, 176. 

The effect of temperature and of hydrogen-ion concentration upon the rate 
of destruction of antiscorbutic vitamin in tonuito juice has been considered by 
Lalfer, Campbell and Stwrmaa (PftM. Soe. EscptL Biol. Med. 18, 132, imo). 
Feeding experiments were conducted upon guinea pigs fed a basal diet coo- 
taining optimum amoTints of all nutrients pxrrpt vitamin C. This wr"? sup- 
plied exclusively in the form of filtered canned tomato juioe. Relative amounts 
of vitamin in treated and untreated portiom of juiee wen measured by the 
amounts required to prevent scur\'y or by a niting of the severity of the scurvy 
produced. Boiling tomato juice of natural acidity pH 4.2 for one hour de- 
stroyed 50 per cent of it.s fintj>^rorhutic vitamin; four hours' boiling destroyed 
70 per cent. Juice neutrahzed m whole or in part, boiled one hour, cooled and 
leaeidified at pm 5.1 to 4:9 (natural acidity leea than half neutralised) diom 
a destruction increased to 58 per cent. By neutralizing a larger proportion of 
the neutral acidity, the rate of de.^truction of the vitamin at 100* repilarly 
increased. Juice to which alkali was added at an initial pa of II, which fell 
to about 9 during the hour of heating, was immediately cooled and reaeidified. 
Qy feeding eueh treated juioe it was ahown that deetructioii increaaed to 66 per 
cent. On repetition of the latter experiments without reaciditication and the 
treated juice gtorcd up to five days in the refrigerator beforo f'»eding showed 
90 to 95 per cent destruction. It was imcertain whether the dillcreuce between 
zeaddified and niwi raaridificd juieee ie due wholly to prcdonged aetlon of 
hydroxy! ions at a temperature of 10° and pn only 9, or whether other faeton, 
po>vsihly a tendency toward revcnal of the destructive prooesi upon reaoidifica^ 
tion, are involvfH. 

Chick and Khodes, Lancet, 1918, u. 774. 

CUvwis and UtCtagm^ J. Bid. Gh«n. 42, 491» lfl». 
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conditioDflt in 10 g. daily rfttiona in addition to a diet of soy bean 
fknUf milk, yeast, paper pulp, caldum lactate^ and sodium cldoride« 
whioli had been shown to produoe scurvy in two to three weeks, re- 
sulting in death in the course of another week unless curative meas- 
ures were adopted. When the raw potatoes were cooked they were 
chopped very finely, boiling water was poured ovor them, and they 
were kept boiling for 15 minutes. This treatment caused no appre- 
ciable reduction in the antiscorbutic potency of the potato. If the 
cooking was continued for an hour, however, the resulting product 
failed to cure or to delay the onset of scurvy. 

According to Hoist and Frolich the juice of lemons and rasp- 
berries retain their antiscorbutic properties after heating to 100** C. 
for an hour, and Dclf *° found less reduction in C in the case of 
orange juice subjected to temperatures up to 130° C. than with either 
cabbage or swede juice, this greater stability being maintained even 
when the juice was nearly neutralized before beating. Bassctt- 
Smith ' reports that boiling lemon juice for five minutes does not 
appreciably diminish the antiscorbutic property, but that heaLmg to 
58° C. for three-quarters of an hour caused marked deterioration. 
Davey states that orange and lemon juice lost but little in activity 
when preserved with the rind oil for two years at room temperature, 
but became inactive on keeping at 37^ Delf suggests that 
the unexpected stability of swede and orange juioe at tenqiera- 
tures above 100® C, when the heating b conducted in the absence of 
air, may perhaps indicate that destruction of the antiscorbutic fae- 
tor is an oxidation process.** This observation naturally has an im- 
portant bearing on the canning and preserving of fruits and 
vegetables.** 

An observation made by Rossi ^'^ is of interest in this connection. 
Rossi found that when young guinea pigs were fed a ration of oats 
anfl fresh hay which had been sterilized in an autoclave at a tem- 
perature of ap{>roximately 126** C. in open jars, they died of scurvy 
in a little more than 20 days. When animals of the same age were 
fed a ration containing the same amount of oats and fresh hay which 
had been sterilized in an autoclave at the same temperature but in 
hermetically sealed bottle?, they remained in normal health after 

»• Hoist and Frbiich, iSUschr. Hyg. 71, 1, 1912. 

•0 Delf, Bioch. J. 14, 211. 

n Bsisctt-^ndth, Luc. ino, ii, 987. 

" Davey, Biochem. J. !$• 83, 1821. 

•3 Sec also Anderson, Dutcher, Eckles and WUbor, Sd. 53, 446, 1821. 

See ako Bidault. iiev. Sci. 59. 13, 1921. 

RoMi, Arch, fisiol. 16, 125, 1918; Physiol. Abs. 4, 335, 1919. 
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more than two months on this diet* He condudes that foodstuffs 
can be sterilized at high temperatures without loss of th^ nutritive 

properties provided the proper procedure be followed. 

Harden and Robison found that about half of the antiscorbutic 
vitfimin wji'; drs-troycd in dried orringp ]mrp krpt nt 29° C, for 14 
months, iiuiliiip; orange jujcf undrr a reflux condenser for one-half 
hour did not ;ifTect the antiscorbutu vitamin according to Dutcher, 
Harshaw and Hall.*^ On the other hand they found that this vitamin 
is partially destroyed by hydro^jen peroxide, especially on warming. 

r\Iilk is comparatively pour ui uutiiscorbutic power in the raw state, 
and the small amount present may be still further reduced by un- 
favorable treatment. Long before the vitamin hypothesis had been 
formulated, Neumaim noted that frequent oceurrenoe of InfantUe 
aeurvy seemed to be associated with the use of milk which had been 
paeteuriied at 90*^ to 06*^ C. and then heated again at or near 100^ C. 
for 10 to 16 minutes before using.*" 

Frdlich** found that raw milk had more protective power than 
heated milk as an antiscorbutic for guinea pigs. Autoclaved milk, 
i.e. milk which has been heated to 115^ to 120^ C, in an autoclave 
for one to two hours, has frequently been used as a constituent of a 
scorbutic diet. Hart, Steenbock and Smith observed that an 
average consumption of 79 cc. per day of milk which had been 
hefitod to 120° C for 10 minutes w"\« insufficient to protect guinea 
pigs af^ainst scurvy, iilthou^h this amount of raw milk had been found 
adequate. Cominercial condensed milk (two brand^^ investigated) 
was also larking in C as compared witii fresh raw milk. A commer- 
cial milk powder was found to be almost if not quite devoid of C, but 
the degree of heat to which this had been subjected was unknown. 
Hess and linger ' • luund that 80 cc. of fresh milk daily or ltd 
equivalent in milk dried by the Just-Hatmaker process (exposure to 
a temperature of 116^ C. for a few seconds) was sufficient to cure 
gamea pig scurvy, while Bamct and Hume** found 100** to ISO^ 
cc. of raw milk necessary and got no protection with the Hatmaker 
product. Tliey ascribe this discrepancy to the fact that Heit and 
Unger gave dried hay ad Ub. in the basal ration, while Barnes and 
Hume used oato and bran only. Hay is probably not entirely with- 

w Banws and Hvnw, Bioeh. J. 13, a06. 1010. 

Hardm mkI Bobison, Biochem. J. 15, 521, 1S81. 

Dutcher. Harshaw nnd Hall. J. Biol. Chem. 47, 483^ 1921. 

Neumann, Deutj?che racd. Wohnschr. 1902, 247. 
« Frdlidi, Z. f. Hyg. u. Lafeckt. 72. 155, 1912. 

Han, 8t««ab0Gk ud Sttith, J. BioL Chem. 88» m, 1019. 
n Hess aad Uagsr, J. BioL Ghflm. 88, 298, 1919. 
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out C. The addition of scalded milk which had been heated until it 
frothed up at the boil and then allowed to cool in air, amountmp; on 
the whole to exposure to a temperature of between 70° and 100 C. 
for about five and tme-half miwites, to the diet of a scorbutic monkey 
brought about a rapid and oomplete cure. The amount fed was such 
that about 25 per cent of the antieoorbutic factor originally present 
might have been destroyed without being detected, but from the 
raindity of the cure it was inferred that very little destruction had 
occurred and such scalding is suggested as a means of sterilisatioii 
involving comparatively little deterioration of the antiscorbutic 
power 

Much evidence has been accumuhit^d with rcpj^rd to the effect of 
drying at moderate temperatures on the C content of foodstuffs. 
Furst noted that germinated corn lost much of its antiscorlnitic 
power on keeping. Hoist and Frolich made a careful study of 
the effect of drying and storing on the antiscorbutic potency of pota- 
toes, carrots, dandelion leaves and cabbage, dried m an incubator 
for some days at 37° C, or in vacuo at 30° C. After drying, the 
material was stored for six nu»ths or a year at summer temperatures, 
mostly in elosed vessels, but in one case in open vessels in an incu- 
bator. When 30 g. per day of these vegetables in the fresh condition 
were fed to guinea pigs in addition to a dry grain and water diet^ 
this amount was found sufficient to maintain the ammals in health 
and prevent scurvy. In the case of the dried cabbage the material 
was soaked in water for half an hour before being fed to the animals. 
Any water which remained unabsorbed was fed to the animals sepa- 
rately. Six animals receiving cabbage dried and stored in the labora- 
tory for one year, died with symptoms of acute scurvy in 21 to 28 
days, the cabbage affording no protection whatever. Another eight 
animals receiving cabbage dried and stored for six months died with 
actue scurvy in 21 to 37 days. These also received no eignificftnt 
protection from the disease. With the cabbage which was stored in 
open vessels in an incubator for six months after drying at 37° C, a 
certain amount of protection was afforded but three animals ulti- 
mately died of acute scurvy, in 51 to 71 days. Better results were 
obtained when the cabbage had been stored only six weeks. On this, 
two animals died of scurvy after 66 days, and two lived for 98 days, 
one with no apparent symptoms and the other showing evidence of 

•» Srr .ilso Ch. XV. 

•« Furst, Nord. Mrd. Arch. Abt. II, 1910, Supp. 349. 
M Hoist and Fr&lich. Ztsch. Hyg. 72, 1, 75. 331. 
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tcorbiitie leaioiis oo histological examination ol the bony tissues. In 
one case guinea pigs received protection for over ei^ty days on a 
rstioQ of dried cabbage equivalent to 30 g. of the fresh vegetable; 
the cabbage having been dried at 37"* C. and kept at that temperature 

in a desiccator over sulphuric acid. No increase in wei^t took place 
during the experiment. Their experimeote indicate that the time of 
storage has a marked efT(M-t upon the antiscorbutic value of dried 
cabbage, and that the value is greater when the material is kept in 
a vcn,' dry atmosphere and prevented from taking up moisture from 
the air, but even in this case the value is very small in comparison 
with fresh material. The onset of scurvy in guinea pigs was pre- 
vented with as small an amount of fresh cabbage as 1 to 2.5 g. daily, 
and the most successful of the experiments with dried cabbage are 
far from comparable with this. Experiments with other dried vege- 
tables showed similar deterioration on drying and storing, this being 
greatest with dandelion leaves and carrots, and least with potatoes. 

Olivens and Cohen** observed that cabbage, dried in a blast of 
air at 40^ to 53** C, retained some of its antiscorbutic value in that 
it would considerably delay the onset of scorbutic symptoms, ther^ 
prolonging life. Further, it could be employed as a curative agent 
if the signs of scurvy were recognised early enoui^ and the animal 
would consume one gram daily. Cabbage which had been heated in 
an oven for two hours at 75° to 80° G.» then dried at 65** to 70° G. 
for several days lost its antiscorbutic power. Cabbage cooked for 
30 minutes, then subjected to drying for two days at 65° to 70" C, 
exhibited no antiscorbutic potency. Delf and Skelton foimd that 
the loss of antisrorbutic properties was more than 93 per cent when 
cabbage w is dried at a low temperntiire and subsequently stored for 
two to tiiree weeks at laboratory temperature. Storage for five to 
six weeks at laboratory temperature induced a further loss of anti- 
scorbutic properties and after storage for three months nearly uU i96 
to 97 per cent) of the protective value of the fresh material was lost. 
The residual amount was, however, distinctly greater if the cabbage 
was plunged into boiling water before drying. They conclude that 
the preservation of vegetables by drying is an unprofitable process 
having regard to labor and fuel involved, to the low nutritive and 
antiscorbutic value of the product, and to the subsequent deteriora- 
tion on storage. In view of the present advocacy by others of dehy- 
dration as a useful means of preserving vegetables, this condutton is 
of especial interest. 

— CMvcns and Cohea, J. Biol. Ciwm. 38, 1S7, 1918. 
•* Delf sad Skelton, Bioflh. J. )2, m, 1818. 
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Falk and McQuire recommend the vacuum process of drying or 
dehydrating foods at a means of preserving the vitamin content. Tlie 
absence of oxygen during drying favors the retention of the full vita- 
min ]totency. Banana flour is advantageously pieimred in this 
manner.** 

Giveos and McClugage oonfiimed the findings of Holit and 

Frolich with regard to the destructive effect of drsring on the anti- 
scorbutic factor in potatoes, the amount of deetniction varying 
greatly with the temperature and duration of drying. Fifty-five to 
60" C. is apparently the optimiun temperature, 2.5 g. per day 
of potato dried at this temperature affording some protection. 
The best results were obtained witli potatoes which had been baked 
for a short time at a high temperature and then dried. Givens and 
McClugage remark that the influence of heat upon the antiscor- 
butic vitamin appears to be related not only to tlie degree of tem- 
perature but to the duration of the treatment, the reaction, the 
enzymes present, and the manner of heating. They consider a tem- 
perature of 35° to 40° C. for six to eight hours seems to be more de- 
structive than 55® to 60* C. for two to three hours. This condusbn 
is based on the results obtained with potatoes dried at these tempera- 
tures and fed uncooked and cooked for 15 minutes at 100** C. With 
2.6 grams of potatoes dried at to 40*^ C. and fed without further 
treatment, death from scurvy was slightly delayed; with 5 grams life 
was certainly prolonged. One out of four animals recdving daily 
2 J grams of potatoes dried at 65** to 60** C. showed signs of scur^'y 
at death; also one out of three animals on potatoes dried at 75° to 
80° C. showed signs of scurvy at death. If these dried products are 
further heated in water at a temperature of IOC C. for 15 minutes 
and then fed to guinea pigs in amounts equivalent to 2.5 grams of 
dried ni .rj ] ial no protection was observed with the 35-^0^ C. 
and 75-80' C. products while with the 65-60° C. material some 
favorable effect was noticed. 

" When potatoes were baked for a short time at a high temperature 
and then dried, a product was obtained which afforded protection 
against scurvy. Thus it appears possible that the factors involved 
in the destruction of the anUscorbutic vitamin are not only the degree 
of heat and the duration of the heating but also the ensyme content 
and the reaction of the food being dried. Until further lii^t is thrown 
upon the problem it seems plausible to assume that at any tempera- 

** Am. Focxl Jo'ir. Oct. 1921. 

M Qivens and McClugage, J. Biol. Chem. 42, 497, 1920. 
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ture below 80° C. tlie enzymes are functionating. For example, all 
potatow dehydrated below this temperature darkened durmg the 
desiccation. Fnrthennore, samples of these same products tested 
nine months after drying showed that they stUl contained oxidases. 
The temperature of 36<^ to 40"* C. is probably the optimum one for 
the enqnne action. The duration of drying at this temperature, be< 
ing very long, allows several hours for continuous activity. In the 
case of drying at SS"* to 60'' C. and lb*" to SO*" G. there is undoubtedly 
some enzyme action, but the time is reduced. The difference in the 
antiscorbutic value between the products dried at 55^ to 60° C. and 
at 75° to 80° C. and then cooked, may be accounted for on the basis 
that at the higher temperature there is more destruction due to the 
duration of this greater licatinp; ;ind to enzyme action. In the case 
of baking; and drying the c nzj-mes are destroyed in :i ^ f ry short time; 
also the i)r()(luct is subjected to the high temperature for a short 
period and thus high heat and reaction have little time to bring about 
a joint effect. 

Drjung at 35° to 40° C. for 32 to 52 hours appears to reduce the C 
content of tomatoes somewhat, the loss being greater if the dried 
tomatoes are cooked before feeding.^^ 

Bassett-Smith kept a preparation of antiscorbutic material from 
lemon juice for three months at temperatures of 15% 30*^ and 37" C. 
without appreciable loss of antiscorbutic powet. The temperature of 
37" was least satisfactory, the vitamin being slightly affected in this 
oaBe,"»* 

Harden and Robison ^'^^ report that the antiscorbutic property of 

orange juice is not appreciably destroyed by evaporation to dryness 
imder suitable conditions. The dry residue retains considerable ac- 
tivity after storage for two years in a dry atmosphere at ordinary" 
temperature, an observation which is confirmed by Givens and 

100 Givens sad McClugige, Ftao. 8oe. BioL Gben.; X BioL CSbem. 41, 

xxiv, 1920. 

Bassett-Smith, Lancet 1920, 1102. 
tWM The preservation of citrus fruit juices from tfiiB standpoint of satisooir- 
butio potency has b«en studied by Davey (Biodbem. J. is> 88, 1021). Potanium 

metabisulphite is satisfactory at 0' but it is uncertain at room temperature and 
is ineffective at 37° C. Presentation with the rind oil, in the case of lemon and 
orange is satisfactory at temperatures up to room temperature. Even after two 
years the potency is very little dimmished. Citnts fruit in cold storage there- 
fore should maintain a higU degree of aatiMoibutio vahw for Ml indefinite 

period. At 37" C drfr rioriifioTi is rapid. 

Harden and Robisoo, Biocbem. J. 1920, 14, 171-177. 
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If acy.^** Hess and linger,^** on the othur hand, fouxid that mnge 
jiiioe which had beea kept in a refrigerator for Bome time had lost 
flome of ita nutritive value as indicated by the improvement in weight 
and general condition ohserved in the case of a guinea pig when the 
refrigerated juice was replaced by only half aa much fresh orange 
juice in its dietary. 

Givens nnd Macy have investigated the antiscorbutic properties 
of fruit juices dried by a commercial process. Lemon juice, acid and 
neutraliaed, tomato juice, grapefruit, and orange juice all contained 
a significant amount of the antiscorbutic vitamin; grape and rasp- 
berry juice were apparently devoid of it. The preparations used were 
for the most part 14 to 20 months old."** 

Certain observations have suggested lliat enzyme action may be an 
important factor in the gradual destruction of the antiscorbutic vita- 
ndn and to teat this auggestion, Smith and Medea heated orange 
juice» both in the presence and absence of an enzyme, at temperatures 
of 38^ 56^ and 76® C. If ensyme activity causes destruction of the 
vitamin, presumably disapp e arance would be most rapid at 66® C, 
the temperature at which the activity of the enssrme is greatest. The 
enayme employed was invertase, suice it ia a normal constituent of 
orange juice. This ensyme did not contribute to the destruction of 
the antiscorbutic vitamin when heated with the vitamin for four 
hours at 38^, 65*' and 76^ C. This does not preclude the possibility 
that other ensymes may have such an effect. Incidentally, Smith 
and Medes note that heatine; for four hours at a temperature of 
76° C, either in the presence of invertase or in its absence, causes a 
more rapid destruction of the vitamin thnn heatmg at 55° C. Heating 
for four hours at 38° C, docs not cau-e an appreeiHl)ly greater loss 
of antiscorbutic value than keeping at room temperature. 

Beef, which is poor in C, loses its anti-corbutic power completely 
wlien iL has been dried m vacuo at 06 C, or lower, lur 12 houra and 
then air-dried for several days.*** 

iM Qivtas and Macy, Ptoo. Am. 8oe. BioL Ghcm.; J, Bid. Owdl 46, ai, 

mi. 

Hets and Unger, J Biol. Chem. 35, 487, 1918. 
100 Qivens aad Macy, Loc. dt. 

The «liBei of do ing vegetablee in the mn has been hivwtig»ted fagr 
ShMtea ud Ray (Biochem. J. 15, 274, 1921). Dried UmalUm, pottttoei aiul 

cabbage retain much of their antiscorbutic value. This ia not true, howe%'er, of 
cftiTota, epinnch or titrnip^ Dried cabbftge, tomatoe^, carrots, apiaach aod pota- 
toes showed anuneuntic properties. 
J. BioL dmn. 48* 328, 1981. 
««v QlvM aad McQvmi^ Boi. 51, m 
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niat very low temperatures may be deleterious as well as bilker 
temperatures is indicated by WUtddre's experience in Siberia, wbete 
scurvy broke out among the troops, although each man received a 
ration of frosen meat daily.*** 

Wiltshire, Laacet, 1918, ii. 811. 
A ninunaiy of the deitnaetive effeoto of oaddstioa sad oatalysis oo vitsmias 
if givok fay HoiS (J. Ihd. Eng. Ghem. 1821, IIU). 
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CHEMICAL SIRDCIUIL& AlfD P&OPERXIES OF THE VITAMINS 

Nothing is yrt known conceminf^ the chemical structure, and very 
little concerning tlie properties of the fat-soluble vitamin. Most of the 
observations that have been mkuIc on it have to do with its solubility.* 
McCollum and Davis luund that ether extracted this substance 
from cgg-yolk and butter-fat, but McCollum and Simmonds - failed 
to extraot it from plants by such aolvents as ether, chlorof oim, ben- 
sene, and acetone, and therefore concluded that it waa not found in 
any fata or oils of plant origiiL McCollum, Slmnionda and Pita* 
state that the reaidne from com meal after extraction with ether is 
more effective in causing a slow but long-maintained upward trend of 
the curve of growth than is corn oil. Ether extraction of plant tis- 
sue therefore does not necessarily remove the vitamin. They sug- 
gest that the fat-soluble A is in chemical union in the plant tissues, in 
some complex which is not soluble in fat or in ether. In digestion 
and absorption it is set free, and being readily soluble in fats there- 
after accompanies the fats in the animal body. Owing to the large 
content of waxes, etc cxtrnrtcd from plant leaves they have not been 
very successful in icedmg ether extracts from these sources. Osborne 
and Mendel/ however, obtained a very effective extract from spinach 
and clover with ether. Stcenbock and Boutwell found that there 
was great variation in ilifferent substances as to the ease with which 
tiie iat-soluble vitamin waa yielded to solvents. While ether in gen- 
eral was rather a poor solvent, it was nevertheless possible to obtain 
a fairiy satisfactory ether extract of alfalfa but not of carrots. Oilo- 
rofoim and carbon disulphide remove some of the fat-soluble vitamin 
as found in carrots, while alcohol and beniene remove considerable 
amounts of it. The results were not entirely satisfactory, however, 
as the extracted carrot residues were almost as effective as the orig- 

* LeMer eoDridm vHamiiia from the •teodpoint of phyaieal efaamutiy. 

(J T[h1 Kiip Chem. 1921, 1108). 

^■^ McCollum !\nH Davis, J Biol. Chem. 1913, Xfi, 167. 
2 McCollum and Sinunonds, Ibid, 3a, 33, 1917. 

• McCollum, Simmonds and Pita, Am. J. Phyuol. 41, 361, 1916. 
« Osbons aad ll«Bdf 1, Prae. 8oe. B9. BL Bf«d. 16^ 116, 1018-10. 

* Stccabock sad Boutwell, J. Bid. C3iem. 4S» 131, lOW. 

lU 
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inal carrots when fed in small amounts as the sole source of A. Evi- 
dently w hile ( arrots contain considerable amounts of A, for some 
reason or oilier no satisfactory quantities of the vitauiin could be 
aeeumulated from them. These investigators suggest that this may 
be on aoooimb of the pieseooe of the colloidal pectins and hemieel* 
IttloeeB or poseibly on account of the occurrence of the vitamin in 
molecular combinatiooB. Fat solventa applied to alfalfa gave far 
more saiiafaotoiy results. Alcohol was foimd to be the most satis- 
factory solvent, but bensene was also effective. Water proved veiy 
poor. With com, ether failed to extract the vitamin, but alcohol,* 
cold or hot, removed it quantitatively. Although dried tomatoes con- 
tain considerable amounts of the fat-solubie vitsmin, the ether ex- 
tract had no growth-prcmioting power.^ 

Dnimmond " found that A is not extracted from oils by water or 
dilute afid but that it may be removed in small quantity by cold 
extraction with alcohol. He could find no evidenrp which suggests 
that A is not a single substance, but was un;il)lt to identify it with 
any of the recognized components of fats, such as glycerol, saturated 
or unsaturated fatty acids, cholesterol, lecithin, phosphatides, or lipo- 
chromes. He suggests that it may be a labile substance of ill defined 
construction. 

According to Dnimmond,* saponification in non-aqueous media of 
oUfl wMifafcjfMug the aooessoiy factor results in the (Bsappearance of 
the growth-stimulating properties, although an earlier experiment** 
bad shown that a high grade whale oil which had been treated with 
soda to remove the free fatty adds and subsequently clarified with 
fuller's earth was still rich in A. 

Steenbock and Boutwell found that A as extracted from alfalfa 
with alcohol resists saponification with alcoholic potassium hydroxide 
in the cold. From such solution on dilution with water it can be ex- 
tracted with ether. On fractionation by differential solubility there 
can be obtained a portion soluble in petroleum ether, containing A in 
large amounts, along v.ith carotin, and a dilute alcohol-soluble por- 
tion v.liich contains x;iiitliophyH. but little or no A}'^ This is in 
accordance the observation ot McCollum and Davis*' that 

« Sec ^l<;o McCollum. Siininonds and Pitz, J Biol. Cliem. a8» 168, 1916. 
T Osborne aad Mendel, J. Biol. Chem. 41, ^9, 1920. 

• Dnnmnond, Biocb. J. 13, 81, 1919. 

• Dmrnmood, Bioeh. J. IS, 81, 1919. 

i» Dnimmond, J. Physiol. 52 , 344, 1918. 

Steenbock and Boutwell. J. Biol. Chem. 4a, 131, 1930. 
xt Steenbock and Boutwell, !• o* 
u MeCoansi wd DeviSi J. Bid. Ghan. 19* MS, 1914. 
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the property of inducing growth in rata which have grown ae f ar as 

possible on a fat-free ration can be conferred on dive oil by shaking 
the latter with a solution of the soaps prepared by completely saponi- 
fying butter-fat in a non-aqueous medium with potassium hydroxide. 
According to McColIum and Davis, the results obtained leave no 
room for doubt as to the stimulating effect of this oil as compared 
with the untreated oil. 

More recently, Steenbock, Sell and Buell*"* have investigated the 
stability of A as luunii in animal fat.^, and state that no appreciable 
destruction of the vitamin could be observed after boiling the fat 
for i hour with 20 per cent alcoholic KOH. 

In recent years a large amount of vegetable oil has been treated 
by the hydrogenation process to form solid fats known as hardened 
oils. The pfoeess as usually carried out involves the treatment of 
the oil with hydiogsn gas in the presenee of a nickel catalyser. The 
temperatures generally emplt^ed range from 160® to 190® C. The 
time of treatment with hydrogen for the hardening operation ranges 
from one to eight hours.^ In view of the effect of high temperatures 
on vitamins it is to be eaqiected that their activity would decrease 
during the hardening process. This is apparently the case as is indi- 
cated by the investigations of Halliburton, Paton, Drummond and 
others who found fat-soluble vitamins to be absent in oils treated 
by the hydrogenation process. 

However, recent investigations pointing to the stability of vitamins 
toward heat, in the absence of air or oxidizing agents, suggest other 
causes than heat alone. It is not unlikely ih it the catalytic action of 
the nickel catalyzer may be exerted on the vitamins thereby changing 
their character.^** Fahrion refers to the tlierapeutic value of cod 
liver oil due to vitamins. Oil extracted by cold pressing contains the 
vitamins in a potent state. He notes, however, that the oil obtained 
by soivent-eactraction does not contain these food f acton. As has 
been stated, refining by alkali destrosrs vitamins. Fuller's earth 
probably absorbs vitamins during the bleaching operation. 

It foUowe that lard substitutes made from refined vegetable oils 
which have been thickened to the consistency of lard by the addition 
of 16 or 20 per cent of bydiogenated oil, scarcely can be expected to 
contain vitamins. Various suggestions have been made for adding to 

Steenbock, Sell and Bueil, J. Biol. Chcm. 47, 89, 1921. 
M See BUit, Hydrogenatiaii of Oib, New Yotk, 1919. 
13 Halliburton, Paton, Drummond and otbei^ J. Fhyiiol. 1919» 5e» 32S. 
>»» See Dnumnond, J S C 1 , 1921, 81 T. 
i»b Qhem. Umahau. 1920, 97 and 110. 
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oleomargarine and Gompound lard suitable extraote of vitamm A, *^ 

The result of the investigations of Halliburton, Drummond and 
others on the abeence of vitamins in processed vegetable oils have led 
to much controversy over the relative merits of animal and vegetable 
fats, of milk and butter, oleomargarine, vegetable oil, compound lard 
etc. Richardson ^'"^ takes i^me with the champions of the virtues of 
milk and butter. With a varied diet, he belie ves that it makes no 
diffcrencf' whether oleomargarine or butter, in fact any dairy product, 
is consumed. 

If lata^ the experimental animals moet used in the past for dietetic experi- 
ments, are fed a mixed ration of moderate vririrty, consisting of the food com- 
monly used on the ordinary table, meat, vegetublea, grains and fruit*, but with- 
out milk or daiiy products, they get along very well indeed, without developing 
dietaiy or defieien«y dtMBM, diowing nonnal growth end health, exeept for an 
occasional ailment or infection to w!ii( h such laboratoiy animals are always 
subject. Such rats rcprodnr*' tmtn the nth generation in spite of the absence of 
their per diem of milk. WLcn tu mcix a diet either oleomargarine or butter is 
added do notewoiiliy chaiige rentlti wbidi, Richardeoo notes, ie ae nu^t have 
been foreseen and expected. Habbits and guinea pigs grow to maturity, flourish 
and reproduce on g^cen things as do the large herbivorous animals, while the 
camivoroiis kinds eschewing vegetable prodnrft? qnh^ist entirely on meat. These 
would commonly be considered to be most uubaianccd diets, but the addition oi 
daily produetv doee not dwncie the eoune of nature. Laive quantities, how^ 
ever, m^t and eonwfeimai do eeuse serious disorders, since milk and dairy 
products are very different in some of their propertieB from the natural foods irf 
certain animals. 

» 

Oibome and Mendel ^* claim that the centrifuged butter-fat from 
which they obtained the growth-promoting factor contained neither 
nitrogen nor phospharua. This was doubted by McCoUum and 
Davia,^* but oonfinned by the analyeee of PoUn and of Funk and 
Macallum," who found only 0.0003 'per cent of nitrogen, and of 
Osborne and Wakeman,^* who estimate the phosphorus content of 
the butter oil in which the growth-promoting principle is concentrated 
at 0.0006 per cent. In view of these figures it seems impossible that 
either phosphorus or nitrogen should fonn a constituent part of the 
fat-soluble vitamin, 

^ Experiments made in the laboratory of the senior author by adding an 
extract of alfalfa to oleomargarine (nut butter) were not veiy promising owing 

to the foreign flavor imparted to the product, 
i**" Richardson, Am. Food Jour., July, 1921. 
le Osborne and Mendel, J. BioL Cbem. ao, 3S2, 1915. 
» lleCoUnn and Davis, J. BioL Chem. 19, 3S0, 1914. 
i« Punk and Mac a Hum, Zeitsch. f. phydol. Chem. 92, 13, 1914. 
^* Oabome and Wakamatw J. BioL. Chem, ai« 91, 1916. 
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Normal growth and reproductioD has been obearved ia albino rats, a flpeeiM 

of anjmal in which there is a ♦^•omplete absence of carotinoid pigmcntii, with 
ewe milk-fat and carotinoid-freo egg yolk as the sole sources of fat-soluble 
vitamin. The ewe milk-fat contained only 0.0001490 of carotin and the ration 
dundns the beat neults eootained onljr 0j000019ft% of oarotiB. The baaal 
tloo wed «B8 entirely devoid of earotinoida. A quantitative oomparison ef 
the carotin cont^'nt and vitamin efficiency of various rations shows no relation- 
ship. Carotinoid pigment is not neces^ry for the normal growth and repro- 
dttotion ef albine tata and apparently the fat^oltible vitamin and carotindd 
pigmeDt are not identieal.*** 

» 

The antineuritic or water-soluble B vitamin is, as the name im- 
plies, generally rcgjirded as soluble in water"" but Cooper'* found 
that the antineuritic content of meat is not extracted by water al- 
though it is readily soluble in alcohol, after which it becomes soluble 
in water. From lentils B can be extracted directly by water." 
Suguira " prepared a sparingly soluble compound from yeast which 
had antineuritic properties. It would seem that the antineuritic, like 
the fat-solubie vitamin, may vary in solubility according to the con- 
dition m which it is found. Many observers'* have reported its 
solubility in ethyl alcohol, and this is commonly used as an extrac- 
tive. Osborne and Mendel have pointed out that the term okohol 
is sometimes rather caretassly used, without specifying whether abso- 
lute or dilute alcohol is referred to. They state that in their experi- 
ence absolute alcohol is by no means an adequate solvent for the 
antineuritic vitamin and that the solubility in dilute alcohol depeuds 
on tiie amount of water present. This is confirmed hy Drummoad** 
and by Osborne, Wakeman and Ferry.*' 

Osborne and Wakeman '^^ added alcohol gradually to a 0.01 per 
cent N. acetic acid extract of yeast vitamin and tested the different 
fractions for growth-promoting qualities. That obtained from 52 per 

PSalmer and Kennedy, J. Biol. Chem. 46, 559, 1921. 
'0 Chamberlain and Vcdder, Phil. J. fi6, 2M, IQlil; McCoUnm and 
Davia. J Biol. Clieui. 23, 181, 1916. 
» Cooper, J. Hyg. xa, 436. 
" Cooper, 1. e. 

" Sugoira, J. Biol. Chem. 36, 191 

2* Stepp, Tp^-hr Zt. f. Biol. 57, 135; Eijkman, Arch. f. path .Anat, 148, 
523, 149, 197; Fraser and Stanton, Lancet, March 12. 1910. 733; Chamber- 
lain and Vedder, Phil. J. Sci. 6B, 396; Tervvchi, Y., Saiking akuaahi, Tokio, 
1910, No. 179; Zeito. Bioeh. Biophye. it, 719; Funk, Ttani. 800. 1^. Med. 
S,86. 

«» Osborne and Mendel, J. Biol. Chem. 31, 149. 
>• Drummond. Bioch. J. zx» 255, 1917. 

*v Oebonte, Wakeman and Feny, J. Bid. Ghem. 39, 35, 1919. 
M Oibonie and Wakenun, J. Biol. Ch. 40^ 889^ 1919. 
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oent aleohol (by wd^t) was almost inert, while that soluble In S2 
per oent, but precipitated by 70 per cent contained most of the ae- 
ttve substanoe. That pvedpitated from 90 per oent alcohol was al- 
most as active per unit as that from 79 per cent, but the amount ob- 
tained was small, only 10 per oent of the total extract, while the 
second fraction ^fa^inaH 37 per cent of the total. The portion 
soluble m 90 per cent alcohol also contained the vitamin, but not in 
so great a concentration as the preceding. 

On the other hand, Funk" and Fraser nnd Stanton '° have suc- 
cessfully used absolute alcohol to extract the antineuritic substance 
from rice poHshings and Cooper has made use of it for extraction 
of various foodstufTs. 

Vedder and Williams ^* found the vitamin from rice only slightly 
soluble in cold 95 per cent alcohol. McCoUum and Simmonds"* 
state that it is very difficult to extract it completely from cooked 
beans. They believe that the failiu-e of alcoholic extracts of cooked 
beans to induce growth is due to the physical changes in the bean 
during cooking whereby the vitamin is i»otectod from contact with 
the solvent, not because of destruction of the active substance. Even 
with raw beans extraction with hot aleohol in a Soxfalet was not com- 
plete in 18 hoTUB. Eddy found it possible to extract the vitamin 
from sheep's pancreas with cold 95 per cent aloohd eontumng Oj8 
per oent HCl. Methyl alcohol dlssdves the vitanUn from yeast** 
and from some vegetables.*" 

In general the antineuritic vitamin appears to be insoluble in 
ether/' although Cooper finds that it can be extracted from egg- 
yolk, and to a lesser degree from meat, by this solvent. 

It is soluble to some degree in acetone, as noted by Stepp'** and 
confirmed by McColIum and Davis,*'^ who state, however, that it is 
a poorer solvent than water or alcohol. McCoUum and Simmonds ^ 

29 Funk, J. Physiol. 43, 395, 19U-12. 

»o Fraser and Stanton, Lancet, 1910, ii, 1766. 

n Cooper, J. Hyg. za» 436, 1913. 

V«dd«r uul Wffliami, Fhn. J. Sd. SB, 175. 
S8 McCoUum and Simmonds, J. Biol. Gbem. 93* 56» 1018. 
" Eddy, J. Biol Chem. 37, 113, 1916. 

Myers and Voegtlin, J. Bid. Chem. 4a, 199, 1920. 
M BriU aad Aiencastre, FhiL ^X. Sa. ISA, 127, 1917. 
n Sttvp, ZeitNlir. f. Biol. 57> 186; Chambcridii, V«dd«r iad WllUuiM, 
Phil. J. Sci. 73. 39. 1912; Cooper, Bioeh. J. 7. 288, 1918; 9, 847, 1914. 
•* Cooper, J. H}'g. za, 436. 

Stepp, Zett0chr. f. Biol. 6a. 405, 1013. 
«• McCoUum and Davis, J. Bid. Chem. as* 198, 1915. 
<^ McCoUvm and 8biuiioiidi» X Bid. Cham. aSt 55^ 1918. 
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loimd that B is not extnetod direetly fnm beuui, wheat gcnn, or 
pgg Iddii^ by ether, bemene, or aeetotie, but is readily extnoted in 
Sreat part by alcdiol. After being removed by aleohol it ie aoltible 
in benzene, but veiy slightly in acetone. 

McColIiim and Kennedy ** report that the vHsmin from fat-fxee 
wheat embryo can be extracted by aeetone, benzene, and ethyl ace- 
tate, but McCollimi and Simmooda^ noted that the scheme of 
applying suoressively to raw navy beans the solvents ether, benzene, 
and 95 per cent alcohol, in order named, and of feeding the extract 
and residue in separate cxjh riments, showed that benzene does not 
removt B from ether-extracted beans while hot alcohol does. Wlien 
material which was dissolved from beans by hot aleohol was deposited 
on dextrin and the latter then extracted with hot benzene, the ben- 
zene-soluble material thus obtained was very effective in induemg 
growth and in causing prompt recovery of polyneuritic rats. A 
bemene eacferact prepared directly from ether-extracted beans does 
not oontain an appreciable aanount of B, Bensene therefm does 
not remove B from beans dueetly, but once this substance is extracted 
by alcohol it is soluble in bensene. 

Stecnbock ^ states that he was able to cure polyneuritis in pigeons 
by means of intraperitoneal injections of a water-acetone soluble 
substance from egg-yolk. 

Cooper ^' prepared a ctirative substance from horse-fleah which wss 
moderately soluble in water, and insoluble in alcohol, bemene, chloro- 
form, ether, and ethyl acetate, and states that the brain contains an 
antineuritic «ubRtance which can be extrnf^ted with alcohol and pre- 
cipitfltecl by a mixture of acetone and ether. 

Myers and Voegtlin found that olive oil and oleic acid remove 
the vitamin from autolyzed yeast filtrate, thus showing that in the 
form of the crude extract it is fat-soluble as well as water-soluble. 

Water-soluble B is not colloidal, since it can be diaiyzed tiirough 
parclnnent *^ and collodion membranes. 

It is readily absorbed by charcoal,*^ kaolin,"" mastic,*^ fuller's 

** McCoUum and Kennedy, J. Biol. Ch. 34, 401. 
*• McCoaom and 8lsiiinoBds» J. Biol. Clwin. 33* ^> 

Steenbock« Proc. Am. Physiol. Soc. Am. J. Fhyaiol. 41, 610. 

♦» Cooper. Bioch. J. 7, 288, 1913; 8, 347. 1914. 

Ujtn and Voegtlin, J. BioL Chem. 42, 199, im. 

Eiikman, 1. 0.; Chamberlaia and Vedder, Fhil. J, Bel 9B, m, 1011; 

Dnmunond, J. C. Bioch. J. zi, 255, 1917. 
« Suguira, J. Bio!. Chcm 1^18, 36, 191. 

*• Chamberlain and Vedder, PM. J. Sci. 6B, 251, 386; Voegtlin, J. 
Waah. Acad. Sci. Oct. 4, 1916. 

VocfffliB, J. WadL Afled. 8eL Oet d^ IfM. 
n Voegtliu, J. WadL Aeed. S0L Cel. 4. 1910. 
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earth,** Lloyd's leagpni (colloidal hydrous almnmum Bilicate/' ool* 
loidal feme hydnndde,** and, acoording to Drummond, by floccule&t 
prodpltaiee of all kinds, a property which doubtlees accounts for 
Baiiie» at leait^ of the loeees observed in attemptiiig to purify this 
f aetor, atthou^ Funk *" regards this loss as unimportant. 

Eimnett and McKim"* state that the yeast vitamin is not ab- 
Borbed by kieselguhr or infusorial earths, but Brill found that the 
ourative principle from rice poliahingi is extracted by infusorial earth, 
although not by as Bmall a proportion of the earth as was used of 
the Lloyd reagent by Seidell. Brill considers this partial extraction 
to be due to tlie character of the extract. There appears to be a 
loF« of aritiiieuritic power in the extract as it ages. He regards the 
method mapplicable, because of tlie quantity of earth needed com- 
pletely to extract the total vitamin content. 

The water-soluble Adtamin appears to be stable towards acids.** 
Alcohol saturated with hydrochloric acid is frequently used to ex- 
tract it from the food substances in which it is contained."* M cCol- 
lum and Simmoads ** found some indication that it may be slowly 
inaetivated by this acid, but the evidence is not conclusive, and the 
action is certainly inconsiderable. Similarly with nitrous acid, *^ the 
vitamin may be destroyed to some slight extent, but very slowly if at 
all, and the same may perhaps be true of sulphuric acid.** 

On the other hand, after hydrolysis with mineral adds, extracts of 
rice polishinp have been found to be more efficacious as an anti- 
neuritic factor than before such treatment,** a result which may be 

■* Seidell, U. S. Patent 1, 173^ 317; Bmmett and McKim. J. Biol. Chem. 
39, 403, 1917; Public Health Reports Feb. 18, 1916, p. 364. Bqprint No. 33S; 
Harden and Zilva, Bioch. J. la, 93. 1918. 

M Seidell, U. 8. Patent 1, 173, 317; Emmett and McKim, J. Bid. Chem. 
3S, 409, 1917; Pttlilio Health Reports Feb. 18, 1916, p. 864. Reprint No. 826; 
Eddy and Roper, Proc. Soc. Exp. Biol. Med. 14, 68, 1916. 

•« Harden and Zilvn, Bioch. J. xa, 93, 1916. 

M Funk* Biochem. BuU. 5, 1, 1916. 

M Emmett and McBifan, J. Bid. Chem. 3a, 409. 

» Brill, Phil. J. Sd. za. 199, 1917. 

Funk, 1. c ; Voegtlin, Wa^h Acad. Sci. Oct. 4, 1916; Abstr. in Nature, 
98, 373; Steenbock, Proc. Am Piiysiol. Soc Am. J. Pbyaol. 4a, 610, 1917; 
Whipple, J. Biol Ch. 44, 175, ld2U. 

» Pimk, 1. 0.; Sddj, J. BioL Gfaem. a7t IK. BrUl and Alcutre, 
PI i! J Sci i^A, 127, 1917; Myers and Voegtllll» J. 3iol. Chem. 49* 199, 1999. 
McCoUum and Simmonds, J. Biol. Chem. 33, 55, 1918. 

•t McCoilum and Simmonds, J. Biol. Chem. 33, 55, 1918. 

M Dmmmond, Bioch. J. 11, 256, 1917* 

«» V«dd«r aul Williams, PhiL J. 8oi. B. 1913, 8, 176; Williams and Sa- 
leeby. Ibid, 1915, 10, 99; Sullivan and VoegtUn, Fkoe. Soe. BioL CShmii. 1916, 
J. BioL Gbam. a4. zvii, 1916-16. 
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due to the liberating of the aetive constituent fvm a lees active com* 
pound preeeni in the original extract.** 

Osborne and Wakeaaan** prepared an extract from yeast by run- 
ning washed brewers yeast into boiling 0.01 N* acetic add, the ex-* 
tract thus prepared being said to contain almost all the growth- 
promoting vitamin of the sreast. An attempt to predpitate the vitSp 
min fractionally from the evaporated filtrate by means of increas- 
ing concentrations of added alcohol was, however, only partially 
successful. 

It is said " to be stable to concentrated alkalis at room temperature, 
but the evidence regarding its sensitivenef^s to dilute alkalis at boil- 
ing temperature is conflicting. Boiling for an hour with 0.28 per 
cent sodium hydrcxide solution destroyed the antineuritic content of 
wheat embryo almost entirely.®^ Fraser and Stanton inferred 
from their experiments with rice polishings that 0.5 per cent sodium 
hydroxide solution destroyed the uiitmeuritic substuuce. 

Voegtlin and Lake °" produced typical symptoms of pol3meuriti8 
in cats and dogs by feeding meat whidi had been treated ndth a 10 
per cent sodium catbonate solution until distinctly alkaline and then 
heated to 120^ C. for three hours. Meat which had been heated to 
this temperature for three hours without the addition of alkali had 
not completely lost its antinueritic power. Conmienting on this 
work,** Osborne and Mendel say: 

Voegtlin and L»ake assume that their ground beef muscle which vna 
tnated with 10 per oent todium Mrboute Mhttion until the tiMue iMctod 
strongly *1V*I8— to litmui^ and then heated at 120* under pressure for three 
hours, was free from B, but six rata whose sole food consi-^teH of meat thus 
treated, lived for more than three months and gained in weight, one even liv- 
ing for about amn nuaithB and gaiiung 180 per oeut in weight. Otbonw and 
Mendel found that dried lean round of beef (untreated) furnishes so little 
of this vitamin that animals fail almost as quickly when this is the solo b:ource 
of protein as when the extracted meat residue is used Cnntr:i:^tiii^: Voegtlin 
and LAke'% results with those obtained by Osborne aud Mendel with 
meat «dii«h was extracted with hoiling water only, it is difficult to brieve that 
the treatment with alkali was responaible for loss of vitamin. They cannot 
aooount fur Ihe good reiulta with rata on tiiia diet. 

M Williams nn 1 Seidell, J. Bid. Cihem. aO» 481, 1010; Dwdela and Me> 

Qnrg, Ihifi 37, L'Ol, 1919. 

Osborne and Wakeman, J. Biol. Chem. 40, 383, 1910. 
Steeabock, 1. c; WilUama and SefdeU, J. Biol Cham. a6, 431, 1010. 
«T McCollmn and Simmonda, 1. o. 

«» Fraser find Stanton, Lnnrrt 1015 i. 1021. 

VoegUin and Lake. J. Pharmacol. H. 167, 1918; Am. J. Ph^ol. 47, 658, 

1918. 

«« Oabome and Mendel, J. Biol. Chem. go. 40, 1010. 
Oebonw and Keadei, J. Bid. Chen. OS, 000. 
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Danids and McCliirg** failed to observe any appredalile effect 
on the vitanun oootent of beans when boiled with dilute alkali for 
thirty mimitea, but this wae probably due to the faet that their 
zatioiia coutaiiied so large an exGeas of the vitamin that destruction 
of almost 60 per oent of it mii^t remain undeteefced. Whipple/' 
using the Williams* yeast test (q. ▼.) for the presence of vitamin, 
came to the conclusion that the water-soluble vitanun in cabbage is 
not destroyed by boiling with a 0.1 per cent sodium Incarbonate 
solution, 

Dnimmond* found that boiling with five per cent sodium 
hydroxide for five hours tends to destroy the growth-promoting 
properties of yeast. 

Miller/* using the same meUiod, found that cooking navy beans 
in 0.5 per cent sodium bicarbonate solution for one hour and ten min- 
utes caused a loss of 37.5 per cent of the vitamin. 

Osborne, Wakcman and Ferry " digested brewers* yeast with 
ten times its weight of 0.1 N. sodium hydroxide for twenty-one and 
one-half hours, and then heated it on the water bath for two hours. 
After this treatment its growth-promoting propertiee, as tested on rats 
which had begun to lose weight on a vitamin-free diet^ were found 
to be as pronounced as those of fresh yeasL Mote recently, however, 
Osboxtic and Leavenworth ^ have reported that while the efficiency 
of a yeast preparation was not appreciably impaired by being dis- 
solved in 0.1N alkali for 18 hours at 20 C. exposwe to these conditions 
for 90 hours or heating with alkali for a short time resulted in serious 
deterioration. Tliey conclude that it is allowable to use dilute alkali 
Bolutions in the conrnntration or isolation of B provided the tempera- 
ture is kept low and the time of exposure to the action of the alkali 
is short. 

Since water-soluble B is less stable to heat treatment in the presence 
of alknlis, there is gronnd for believing that biscuit baked with soda 
are not so nulntioub as when the flour is used to make raised bread. 
^The occurrence of pellagra in certain sections of tiie South is held by 
some authorities to be due to the almost exclurive use of soda biscuit 
instead of raised bread.*** 

Ts Daniels and McCtnrv. J. Biol. Ghem. 37» 901, 1019. 

^3 Whipple, J. Biol. Chem. 44. 175. lOfiO. 
* Drumniond, Bioch. J. ii, 256, 1917. 
» MiUer, J. Biol. Chem. 44, 159» 1920. 

Ofborne, Wakemaa and Ferry» J. Bid. Chan. 39> 35, 1910. 
Osborne and Leavenworth J* BioL CShem. 4$, 439, 1081. 
m Am. Food Jour. Oct lOBl. 
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To esplam conflicting reralts of different obflenm, Daniels and 
McCliir£ ^* suggest that destruction, where partial, may escape ob- 
servation; or that antineuritic vitamin may be present in tissue in 
two forms, one so bound chemically that it is unaffected by treatment 
which is destructive to the free or unbound fonn. HowevoTi this 
hypothesis fails to account for all the discrepancies noted. 

The attempts to separate the antineuritic vitamin from the organic 
matter with which it is associated fall into two classes, those in which 
the aim is to separate a chemically-pure substance which may be 
analyzed and identified, and those in which the object is merely to 
obtain the curative s!ibstnnce in concentrated form The latter will 
be treated subsequently and here we shall concern ourselves only with 
the efforts to isolate a pure substance with curative power. 

These have led in many cases to the separation of crystalline com- 
pounds which have been found to exert a consicierable restorative 
effect in tlie treatment of polyneuritis, but usiuUh- the curative prop- 
erty disappears as the subbtuiice is punhedj and the chemical consti- 
tution of the vitamin remains an open question. The most extensive 
work in this field has been done hy Fiwk and by WilUama. The 
materials used as a source of vitamin are usually rioe polishings or 
yeast 

The first attempt to isolate vitamin by the f ractionatUm of rice 
poliahingB was made by Funk^ as follows: Bice polishings were 
extracted with oold abscdute alcohol, oontaming two to five per cent of 
hjrdroeUoric acid. The extracts were evaporated in vacuo at a low 
temperature, and the fatty residue melted and extracted with water. 
These aqueous extracts, after addition of sulphuric acid to the ex- 
tent of five per oent» were precipitated with 50 per cent phospbotung- 
stic acid solution and the precipitate decomposed with baryta in the 
usual manner. The solution, entirely freed irom bfir^ia and sul- 
phuric acid, was filtered, and the filtrate neutralized with hydro- 
chloric acid and evaporated in vacuo. The residue was extrnct^^d 
with alcohol and the solution freed by filtration from inorganic chlo- 
rides. The alcoholic solution was then precipitated with alcoholic 
mercuric chloride solution. The active substance was found to a 
small extent in this precipitat-e but the bulk was in the filtrate. From 
each of these fractions the vitamin could be completely thrown down 

T« Daniels and McQurg, J. Biol. Chem. 37, 201. 1919. 

w Coopw and Funk, LuMst, 1011. ii, UW; Funk, J. VhpkL 4S. mi. 
Schaumann, Arch. f. Sdiiffs, u. Trop. Hyg. z6, 835, 1921, claims to have iso- 
lated thn antineuritic fuhst-ince from rice polichings before Punk, but did not 
identify it. Fimk, J. Physiol. 45, 489. asserts that the iubstance obtained ao- 
eording to the nwttiod und by Sdmnuatt mmiM ouly have beca aHantom. 
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by silver nitrate and baryta. From this fraction, wbieh contains tbe 
hifltidinci pyrimidine, and nicotinic acid groups, after decompoaition 
with hydrogen sulphide, there was isolated a very small quantity of 
crystalline substance, with a melting point of 233^ C. This was not 
recrystallized, but possessed very marked curative power. The only 
substance isolated from M kilos of rice polishings were this crystal- 
line material (which, from our present knowledge, was undoubtedly 
impure nicotinic acid) and a large quantity of rlioline. This work 
proved that vitamin is quantitatively precipitated by pho-sphotung- 
stif ncid, and by silver nitrate and barytn, partially by mercuric 
ciiloride in alcoholic solution, but not by platinic chloride or picric 
acid. 

bhortly after this work was done there appeared a paper on this 
subject by Edie, Evans, Moore, Simpson, and Webster," who used 
a slightly modified method. The source of their uiiiterial was yeast. 
This was extracted with alcohol, and the alcohol extract evaporated, 
cleared with lead acetate, and immediately precipitated witli silver 
nitrate. This precipitate, when decomposed, gave a small quantity 
of crystalline organic substance that yielded ash. These investigators 
gave the name toruUn to the substance isolated, but did not claim to 
have tested its curative power. 

Later, in 1912, Funk endeavored to isolate the vitamin from dif- 
ferent foodstuffs,^ e. g., yeast, rice polishings, ox-brain, milk,''° and 
lime juice.'^ An extract of rice polishings was precipitated directly 
with silver nitrate and baryta. This process was chosen to shorten 
the procedure and to avoid the use of a lar^ quantity of alkali, 
which was supposed to destroy the vitamin. No vitamin was de- 
tected in this case. Allnn^iin was found, which, when phosphotung- 
stic acid is used, goes into the filtrate. The evaporated alcoholic ex- 
tract of yeast was hydrolyzed with 10 per cent sulphuric acid solution 
for a short time previous to precipitation with phosphotungstic acid, 
and the hydrolyzate was worked up in a way similar to that for the 
first fractionation of the extract of rice polishings, with the difference 
that mercuric chlorid was not used. The silver- fraction when decom- 
posed yielded a crystalline substance, melting at 233** C, that gave a 
precipitate with mercuric acetate, but not with mercuric sulphate or 
nitrate. No copper salt was formed in boiling water with copper 
onde. The yield, 0.45 g. from 75 k. of dry yeast, was too small for 

f« Edie, Evans, Moore, Simpson, and Webster, Bkxh. J. 6, 234, 1912. 
n J. Phynd. 45» 75, 1013. 
Bioch. J. 7, 211. 
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recrystallization or analysis; a rather large dose of the mibstance 
(0.02 to 0.04 g.) proved, however, to be curative for beriberi pigeons. 
In another fractionation of yeast the alcoholic extract was simply 
extracted with water and not hydrolyzed; in this case the substance 
described above eould not be isolated but some pyrimidine bases, 
e. g. uracil and thymin, were obtuned. 

Id a later attempt to obtain the vitamin from yeast, a crystal- 
line product was obtained from the silver and baryta fraction, which 
melted at a temperature above 200^ C, and which when administered 
to beriberi ingeons induced veiy quick recovery. When, however, 
maintenance experim^ts were performed with pigeons on a diet of 
polished rice given daily injectioos of the product, the birds could 
not be kept alive for more than a few days. The product of this 
first crystallisation was divided into three substances, one of which 
was nicotinic acid, the other with the composition C,4H,„0,N, and 
r.,H,, ,OoNa respectively. The administration of these substances, 
individually or collectively, to beriberi pigeons did not show appre- 
ciable curative action. 

From the vitamin fraction of rice polishings two crystalline prod- 
ucts were obtained, one of which proved to be nicotmic acid and the 
other having the formula CioHjuOgN^. 

In the same year Suzuki, Shinamura and Odake publithed a 
paper on the chemistry of rice polishings. Their method of isolating 
the active principle was as follows: The rice polishings were first 
esctracted with petroleum ether, to remove the fat^ and then with 
boiling alcohol. The evaporated alcoholic extracte were diluted with 
8 per cent sulphuric acid solution, and precipitated with phospho- 
tungstic add. The pteeipitato, after decomposition with baryta, 
yielded a fraction to which they gave the name crytanm. The crude 
orysanin obtained by this process was purified by predpitation with 
tannic acid, and from this a pierate was obtained which was crystal- 
lized, by evaporation from acetone, in small yellow-brown needles* 
These, on decomposition, yielded a very active curative substance. 
After boiling two hours with 3 per cent hydrochloric acid, the crude 
oryzanin yielded choline, glucose, and two acids, C,oHgNO< and 
Ci,H,,N,Os,. Both acids are difTicultly soluble in cold water, some- 
what more soluble in hot water, readily soluble in nlkali and alcohol. 
Both give an intense diazo reaction with p-diazobenzol-sulphonic 
acid, a deep mdigo blue with piiosphomolybdic acid and ammonia, a 

•t Funk, J. VhjmtL 40. ITS, IMS. 

•* Sasaki, Sbioannra sod Odske, Bioeh. ZlHlur. 43, 89, 191S. 
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sirong Millon Teaction, and deooloriie iodine-starch solution. These 
reacttons are also given by crude orysanin.**^ 

Dnimmond and Funk repeated this work but were not able to 
oonfinn it. Neither were the above mentioned acids detected, nor 
was a curative picrate obtained. On the contrary it was found that 
the vitamin was not precipitated by picric add. It was hoped that 
by usmg large quantities of rice polishings positive results could be 
obtained. In the first instance 380 kilos of rice polishings were used 
and the method carried out exactly as described above. In another 
case an extract from 620 kilos of rice polishings was worked up. 
This extract was hydrolyzed with acid previous to fractionation. In 
both cases a most careful inquiry failed to detect any new chemical 
substance that could be regarded as the vitamin itself or a decom- 
position product of it. 

Funk" concluded that tlie vit unin is exlremely unstable and that 
methods employed in sepuraLiug are Ukely to destroy it largely if 
not completely. Of the various destructive agencies he regarded the 
action of alkali as probably the most important and therefore en- 
deavored to find a satisfactory method of separation, which would 
avoid the use of alkali He found** that the phosphotungstic pro- 
cifntate from alcoholic extract of yeasb can be divided by means of 
acetone into a small insoluble fraction which contains the bulk of 
the vitamin, and a large soluble fraction which is totally inactive. 
By using lead acetate instead of baryta to decompose the phospho- 
tungstates very clear solutions are obtained which facilitate further 
purification and the possible destructive action of the alkali is 
eliminated 

Recognizmg the same diflficulty in the use of alkali, Vedder and 
Williams " and Sullivan and Voegtlin sought to avoid it by use 
of barium acetate and lead acetate respectivelv to decompose the phos- 
photungstic precipitates, and report some measure of success. 

Pol separated a cr>'stalline acid whioh he assumed to be the 
active principle froia a kind of bean, the kutjang idjoe (Phaseolus 
radiatus) which was used by Grijns'® for the cure of polyneuritis. 

*** Kaoliang (Andropogon sorghum, Brot.) ia reported by Elimura 
(J. 8. C. L 1921, 672 A) to be rich in orizauin. 
•* Dittnunond and Funk, Bioeh. J. 19U, 9> 
•» Funk, Bioch. Bull, s, 1, 1916. 
•« Funk, Vnoch. Rnll 5, 1, 1916. 

Vedder and Williams, Phil. J. Sci. 1913, 8, 175, 183. 
** Sullivan and Voegtlin, J. Biol. Chem. 1916, X3dv. 

D. J. Hiditaoff Pol, J. Physiol. 51, 482, 1917. 

QrUni» QmuB^ Ty6a, t. Ned. Ihdifl^ 41, 1901. 
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For the isolation of this acid the beans were boiled in excesa of water, 
the fluid was decanted and basic lead acetate added. The precipitate 
was collected on a filter, well waislied with water, and then water 
added to it tiU it formed a thin pap. Through this hydrogen sul- 
phide was paaaed to remove the lead, and carbon dioxide was bubbled 
thiough the filtrate to remove the hydrogen sulphide. The fluid thus 
obtained was admiiilatered to four out of a number of beriberi pa- 
tients, all of whom reeovered. To isolate the aetive principle further, 
the purified extract was evaporated to dryness and crjrstals obtained. 
Both the extract and the orystals were add. The oonstitution of 
the acid was not determined. 

Sugutra*^ prepared a colorless, er^'stalline substance capable of 
exerting a curative action on polyneuritic pigeons from dried, pow- 
dered brewers' yeast by treating it with ten times its weight of 5 per 
cent sodium chloride solution, and subjecting it to air dialysis. By 
this method, 22 m^z,. of colorless, crj'stalline substance, almost free 
from sodium chloride, can be obtained from 10 grams of dried yeast. 
A solution in water of from 2 to 5 mg. of these colorless cryst.nls in- 
jected siibcut-ineously into a pigeon may be sufficient to remove com- 
pletely the symptoms of polyneuritis within a few hours. Its 
constitution was not determined. 

Hofmeister isolated an antmeuritic substance from rice to which 
he gave the name oridine. It was fomid to be isomeric with betaine 
and valine and from its properties would seem to be related to the 
pyridine and piperidinc groups. 

The hydrodilocide was prepared as fdlows: Rice meal was ex- 
tracted with 80 per cent alcohol, the alcoholie extract evaporated to 
a syrup in a vacuum, and made up with hydrochlorio acid to a 
solution containing 8 per cent of the add. Aifter extraction of im- 
purities with ether, the acid solution was concentrated again to a 
syrup and made feebly alkaline with sodium carbonate, and pre- 
cipitated with bismuth-potassium iodide solution. After acidifying 
the filtrate, the precipitation was repeated, the precipitate being 
triturated with silver carbonate and decomposed with hydrochloric 
acid. Tlie substance was then obtnined in crystalline form on drying 
the filtrate. Doses of 5 to 10 mg. oi the hydrochloride were found 
to be active. The aurichloride, C8Hii02N,HAuCl4, formed platelets 
and flat prism-, m. p. 277**. Oridine hydrochloride, CjH^OjN^HCl, 
forms colorle^^ri prisms, m. p. 240°. Thu iree base was a white, hygro- 
scopic powder, soluble in water. On purification the compound lost 
its activity. 

u Bagoiti, J. Bid. Cbm. 9,6, ISl, 1918. 
«■ BoAndstsr, Biocb. SStMhr. tflOO« 108, 818. 
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Myers and Voegtlln*" have recently olitMned an active crsrstal- 
line oompound from autolysed yeast extract by a modification of 
Funk's method which eliminates purines, histidine, proteins and 
albumoses. Their procedure ie as follows: 

Air-dried yeast is ground to a fine powder and twice extracted for 
three hours with boUing methyl alcQhoI, containing 0.01 per cent 
hydrochloric acid, in the proportion of 2 c. c. of alcohol to each gram 
of yeast. The alcohol is removed in vacuo at 35° G. and the resklue 
repeatedly extracted with ether and 0.1 per cent hydrochloric acid, 
keepmE^ the volume as small as possible. From this acid extract 
the punnt ;^ are precipitated by hot aqueous silver acetate, very little 
of the actj\c principle being carried down in this fraction. To the 
filtrate, containing a large excess of silver acetate, saturated barium 
hydroxide solution is added to precipitate the vitamins along with 
other extraneous material. This precipitate is suspended in water, 
acidified with sulphuric acid, and decomposed with hydrogtjn sul- 
phide, the filtrate treated with slight excess of lead acetate to remove 
the sulphuric acid, and again with hydrogen sulphide to remove the 
lead, then oonoentrated in vacuo. Up to tins stage, according to 
Myers and Yoegtlin, practically none of the activity is lost. On 
addition of mercuric sulphate to the concentrated vitamin solution 
an inactive histiduie fraction is precipitated. The filtrate contain- 
ing an excess of mercuric sulphate is treated with absolute alcohol 
until precipitation is complete. The pale yellow precipitate formed 
contains the bulk of the active material. " The degree of separation 
in this last procedure is influenced by two factors, (1) the concen- 
tration of excess mercuric sulphate present and (2) the final con- 
centration of ethyl alcohol. If these adjustments are right, none of 
the active material remains in the alcoholic filtrate." Tlie alcohol- 
insoluble material is suspended in water and the mercur) removed 
by mcnns of hydrogen sulphide. The filtrate from the nun uric sul- 
phide IS ireed of hydrogen sulphide in vacuo and the sulphuric acid 
removed by means of lead acetate and the excess of lead by hydrogen 
sulphide. By concentration in vacuo over soda lime a definitely 
crystalline product was obtained by Myers and Voegtlin, which 
crystallized in spindle-shaped crystals and was active as long as 
the crystals were surrounded by the mother liquor. When washed 
with absolute alcohol and dried, the crystals lose their activity and 
change from spindles to prisms, but on recrystalliiation from water, 
they take on the spindle shape agaki. The investigators believe 

Myers and VocgUan, J. Bioi. Chem. 42, 199, 1920. 
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that there are at least two substances in the final solutioni both pcHS^ 
sessing a distinctly basic charncter.*'* 

Seidell has found that the precipitate obtained by addition of 
ammoniucal silver nitrate to a purified vitamin extract made from 
yeast " activated " fuller's earth is highly antineuritic. This vitamm 
mlver complex is amorphous and its oonversioD to a erystaUine condi- 
tion has not been effeeted, but several erystalline derivatives of 
the active oonstitueiit of the compound have been obtained, including 
the picrate, nitrate, and what appeals to be the free* base. Of 
these, the jncrate does not give a constant melting point and yields 
picric add by ether extraction. The nitrate melts with decomposition 
at 146**. The base is very slii^tly soluble in strong alcohol but so 
soluble in water that a viscous pellicle is usually obtained on slow 
evaporation of the aqueous solution. 

Funk " at first believed that the antineuritic vitamin was a pyri- 
midino base analogous to uracil acid and thymine, and wa? probnbly 
a const it uent of nucleic acid; a theory which was supported by Vcd- 
dcr and Williams.*^ It >ceiiis evident, however, from later work 
that the substances isolated have in all cases been nitrogeneous bases 
contaminated by traces of vitamin, rather than the vitamin itself in 
a pure condition. Antineuritic properties have been attributed to a 
variety of compounds; nicotinic acid,"^ adenine,"* bctaine,"" allan- 
toin,"® pyrimidines,"* hydroxy pyrimidines,*"' to certain purine and 
choline-Iike bases isolated from rice polishings;^"* to quinine and 

Yeaat extract doo? not cause secretion of pancreatic juice as does !w>rrptin. 
Secretin can be extracted from the intestine of a cat showing the so-called poly" 
neuritic condition to a very marked degree. ViUmin B has a curative eSect 
oo polyneuritie animab when given by the mouth, whereas aeeretin ha» no ac- 
tion on the aeeretion of pancreatic juice when so administered. The suggestion 
of Voegtltn anrl Myers that vitamin B and secretin are identical is not sup- 
ported is the conclu^on reached by Anrep and Drommond (J. Fhy^iol. 54, 

a«» mi). 

•>» SeideU. Pubhc Health Reports, April 1, 1821; Sdenoe, Aug. », 1921, 197. 

Funk, J. Physiol 45 75. 1912. 
•6 Vedder nnd Williams, Phil. J. Sci. B8, 175, 1913. 

Dnimmond and Funk, Bioch. J. 1914, 8, 598 i Barger, " The Simple 
Natural BMBf," (LoaguMae] 1914, 112. 

Funk. J. Physiol. 1913, 46, 177. 
0" Williams and Seidell, J. Biol Chem. 1916^ ttl. 

Ftmk, J. Physiol. 45, 489, 1912-13. 
100 Punk, Ibid, 

va. Fmk, J. Phyriol. 45* ^« 1913-13; wmi«as» J. Bid. CbsB. t9> Wl» 

1917. 

»<« WiUiams, J. Biol. Chem. 39. 504, 1917. 

Vedder and WUUuns, PhiL J. Sci. 8B, 176, 1913. 
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dnehonine,*^ and to thyicadn, desiccated thyroid gland, pilocatplne 
hydrochloride, and tetUin,^ but in many caaea when theae aub- 
stances are prepared in sufficiently pure condition th^ have proyed 
to be inactive,^'^ and in no caae has the vitamin been satisfactorily 
identified with a known substance. The work of Williama along 
this line seemed veiy promising, but unfortunately other workers 
have been unable to confirm his results. 

Assuminc!; from the propertioo of the motive pxtrnnts! thi^.t the cura- 
tive substance was an hydroxy-pyrimidine, Williams prepared a 
series of pyrimidine derivatives and tested the therapeutic action 
of each on polyneuritic pigeons. The series included nicotinic, cin- 
chomeric, quinolinic, 6-hydroxy -nicotinic, and citrazinic acids, 
a-hydroxypyridine glutazine, 2, 3, 4-trihydroxypyridine, and its 
anhydride, 2, 3, 4,-trihydroxy pyridine, and tetrahydroxypyridine, of 
which only a-hydroxy-, 2, 4, 6-, and 2, 3, 4-trihydroxypyridine 
showed any curative effect. As it was noticed that preparations 
which wero active when fresh deteriorated rapidly on Iroeping,^^ 
Williams suspected isomerisation. He waa able to prepare two 
iaomeric crystalline fonns of hydnoy-pytidine, needles and granules, 
whidi aro isomeric and can be converted into one another, the sta- 
bility of each fonn bemg detennined by temperatiuro, solvent and 
other conditions. Only the needle form shows curative power. On 
standing at room temperatun the needles gradually become trans- 
formed into granules, with corresponding loss of curative power. He 
concluded that the curative form is a pseudo-betaine and that more 
or less conformity to the brtniiu' type in striirtiirc or energy condi- 
tions is an essential charactcustjc of antincuritic vitamins, and 
suggested that the curative properties of Funk's vitamin fractions 
of yeast and rice may have been due in part to a corresponding 
isomeric form of nicotinic acid or a polymer or simple derivative 
of it."» 

Williams and Seidell/^" in their second paper on the subject, 

104 Cooper, Bioch. J. 7, 208* 1013. 

106 Dutcher, J. Bio!. Chem. 39, 63, 1919 

10a Dnixnmond and Funk, I. c; Voegtlia and White, J. Phann. Exp. 
Ther. 131fi, 9, 155; Harden and ZUva» Bioeh. J, 1917, xz, 172; Stcenbo^ 
Frae. Am. PbywA. Soe. Am. J. PhymoL 4a* 010. 

Williams, R. J. Biol. Chem. 25, 437, 1916. 
io« Williams, R. R., J. Biol. Chem. 29, 495, 1917, 

i<>** R. R. Williama believes that vitamin B eventually will be iound to be 
a (Tdie mtrogen compound iiitii an tasfgm mlMtitatun in the ling and askable 
of existence in a betaine configuinliioii. (J. led. Ens* CSmid* IttI, 11080 

«M J. Biol. Chom. nOb 481, 1810. 
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pve expTMOon to the following bypotheda: The vitamms eootain 
one or more groups of atoms cooatituting nudei m idildi the physio- 
bgical properties axe lesident. In a free state these nadei possess 
the idtamin activity but under ofdinary conditions are spontaneoudy 
transf onned into isomers whidi do not possess the antineuritie power. 
The complementazy substances or subetituoit groups with which 
these nuclei are more or less firmly combined in nature exert a stabil- 
ising and perhaps otherwise favorable influence on the curative 
nucleus, but do not in themselves possess the vitamin type of physio* 
logical potency. Accordingly it is believed that wliile partial cleavage 
of vitamins may result only in a modification of their physiological 
properties, by certain means disruption may j^o so far as to effect a 
complete separation of " nucleus " and " stabilizer " and, if it does 
80, will be followed by loss of curative power due to isomerization. 
The basis for the assumption that an isomerization constitutes the 
final and physiologically most significant step in the inactivation of 
a vitamin is found in studies of syullieLic antmuuiitic products, and 
is supported by evidence of the existence of such an isomerism in 
the crystalline antineuritie substance obtainable liEmn brewers' yeast, 
Williams holds that natural antineuritie substancesi from the same 
or different raw materials may differ both in respect to the ease with 
which the stabilising groups or substances are detadied and to the 
rapidity with which the resulting free curative nudeus is transformed 
into a non-curative isomer. The acceptance of this hypothesis does 
not predicate anything with regard to the number or identity of the 
curative nuclei in the various antineuritie feeding stufifs nor does it 
negative the possibility of an actual disruption and decomposition 
of the vitamin molecules as a contributory cause of their stability. 

Harden and Zilva question the view that hydrox>'pyridine 
cures or improves the condition of polyneuritic bird?. They confirm 
the existence of two isomeric forms of this compound, but failed to 
observe any curative action of either form. McCoUum and Sim- 
monds "* do not agree that the needs of the animal are for a specific 
type of iaLiie isomerism rather than a specific chemical complex, and 
suggest that the temporary relief of poly neiiii lis by so maay un- 
related substances, as noted above, may be the result of the pharma- 
cological action of these substances resulting in the stimulation of 
certain of the oelle of the body rather than renewed function of cells 
which have been subjected to a sdective fast and later have been 
supplied with the misnng food complex. In support of this view they 

Harden and ZUva, Bioch. J., 11, 172, 1917. 
MeCeUum sad Sinmooda, J. Bid. Gbem. 33. 66, 19ia 
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point out that histologioal methods have shown polyneuritic animals 
to suffflr a degeaerataoii of the motor cells of the ooid, and that this 

change is progressive, some cells presenting the normal appearance 
while others in the same field are degenerated. 

It would appear plausible that iriwn tiie motor cell changes have r^died 

a certain point loss of function mipcrvenes and paralysis result^?. There still 
remain, in tiie cord of a paralyzed animal, motor cells which appear normal 
when stained and which may be capable of restoring the motor functions of 
the mmdM when influeiioed by Mbttanooi whidi BtiiwMlatft them to be^iih^ 
ened sensitiveness. ... If this line of reasoning could be shown to be valid, 
it wotdd follow thftf pyppn'rnpnfi) with pure chemical substances of known con- 
stitutiom, with a viiiw to tmdmg by good fortune the one plftying an important 
phynologioal r&le, might be entirely mfiieadiiig ualew it weie shown that the 
'euie' was pemanent. For such complete proof it ia neoesniy to demon- 
strate the resumption of growth and n^.aintenSDce of health as long n" the 
substance is supplied in tlie food mixture. . , . Sustained nomiul function 
is indispensable to adequate proof tbut the dietary et^utial in question is 

While wc rtrr >;t!il far from a (lefirute conclusion as to the chemical 
structure of the vitamin, tiiere are certain properties in addition to 
thtj^e already referred to which are invariably associated with the 
piiysiologically active substance. It appears to be basic, ^'^ although 
Osborne, Wakcman and Ferry suggest that the persistence with 
which it is retained by edestin may indicate that it is chemically 
combined with the edestin, and hence that it has acid properties. It 
is completely precipitated by silver nitrate and barium hydroxide,^^* 
by phospbotunertae acid in 5 per cent sulj^uric acid solution,^* giv- 
ing a phoephotimoitate which is insoluble in acetone,^'* and almost 
entirely by ammmihnn molybdate."* It can be precipitated by 
tannic acid,'** but this method when applied to rice polishings does 
not yield luge amounts."* Drunomond found that upon fraction* 

^> Funk, Trans. Soc. Tr. Med. 5, 86, 1911; J. Physiol. 43. 3d5, 1911, Ved- 
der. Phil. J. Soi. 7B, 416; Osborne and Wakeman, J. Bid. Ghem. 40, 883; 
Myers Aiu\ Vocgtlin, J. BioL Chem. 4a, 199. 1920. 

Osborne, Wakeman and Ferry, J. Biol. Chem. 39, 35, 1919. 

Funk, J. Phys. 43, 395. 1911; Cooper, Bioch. J. 7, 268, 1913; £die, 
Evane, Moore, Simpson and Webster, Biodi. J. 6. 2M, 1918. 

Cooper and Fonk^ Laneet» 1911, ii, 1889; Fonk^ J. PhyrioL 43. 896, 
1911; 45, 76, 1912; Funk and ICacalliim, J. Biel. Chem. »/, 63, 1916; BiwtiB 
and Scott, Bioch. Bull. 3, 466, 1914. 

Punk, Bio(Ji. Bull. 5, i, 1916; Drununond, iiioch. J. 11, 255, 1917. 
itt Cooper, J. Hyg. xe, 436, 1913. 

11a Suxuki, Shinamura and Odake, Bioch. Ztachr. 43, 89, 192. 
"* Vcdder and Williams, Phil. J. Sci. B6, 176. 
lao Dninuncmd, Bioch. J. xi, 255, 1917. 



:CAL STRUCTURE AND FR0FBRTIE8 OF VTTAMINB 131 



ation of yeast dialysate with silver nitrate and baryta, the precipitate 
pvodttoed with silver niiratei which contained the purine fraction, 
bad no effect on growth, while that produced on the further addition 
of baryta and coDtMnmg the iiyrinudiiie oontabied amaU traoes of 
vitamin. 

It is partially precipitated by nereiirio ehloride**^ but not at all 
by bade lead acetate,^ platinio ehldride,*" or pierie acid.^ 

With the phoq)hotiin0rtio acid solution introduced by Polin and 
Macalltim as a test for uric acid it gives a deep blue color,^** and 
a similar color is obtained with the phosphomolybdic-phosphotungrtio 
acid reagent of Polin and Denis.^'^ Eddy^" believes from hia 
experiments that this color reaction offen a practical method of 
standardizirtq; dosage. 

The " uric acid reagent " has been found to give a reaction with 
di- and polyhydric phenols, monohydric phenols contiiining an NH, 
group in tiie benzene ring, and certain purine and tyrosine deriva- 
tives, while the phosphomolybdic reagent appears to be specific for 
purine derivatives and polyphenolrf. Ammo acids, poiypeptidea, and 
diketopiperasines are negative to both reagents. The replacement of 
one hydroeen atom in the purine ring lessens or abolishee the urie 
add reaction. In the case of phenol reagent this occurs when two 
hydrofen atoms are rsplaoed.'** Referring to the color produced by 
the Folin-MacaUum reagent^ WUliama and 8eiddl»« sUte: 

It haa bem our aporiaioe that a Mgative tert for this color indioates the 
abMiiM of ths mimUve mibetance in orudo ooltttion. A pontiva test om witit 
Ims iMunnoo bo taken to iIib immoiioo of thA vHanuiML 

Pkom its frequent association with lipoid and phoqpihoms- 
contaixung compounds^** it was natural to eiqMct that the anti« 

ui Funk, J. Physiol. 43, 3d5, 1911; Bioch. BuU. 5> h ldl6. 

Cooper, J. Hyg. 10, 488, IMS; Vodder and Williaiai, FbO. J. 8oi. BS, 
175, 1913; Funk, Bioch. BuU. s> I> 1916* 

"3 Funk, 1. c; Suxuki and Shinamura, J Tok. Chem. 80c. 32, Zentr. 
Bioch. Biophy*. za, 11; Siunki, Shinamura and Odake, 1. 0.; Steonbock, 
Ph)c. Am. Physiol. 800., Am. J. Physiol. 4a> 610, 1917. 

^ Fink, 1. 0.; but of. Snsvki, Shinaorara aiid Odake, I. e. 

Polin and Macallum, h Blot C9Mm. 11, 909j 18^ 888; Bomdict sad 
Hitchcock, Ibid. 20, 619, 1915. 

XM Funk and Macallum, Bioch. J. 7. 356, 1913. 

m Folia and Denis, J. Bid. CSndi. 13, 988; Suguira, J. BioL Chom. 1018^ 
88k 191. 

XM Eddy, Proc Soc. Eip. Bio! Med. 14. im, 1917. 
*«• Punk and Macallum, Bioch. J. 1913, 7, 356. 

Williams and SaideU. J. Biol. Chem. 20, 431, 1916. 
>n Ftrasor and Btaalen* Btndiot from tbo last of Ifod. Bca. Vod. Miky 
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neuritio vitamm itseif might be a phospboruB oompound, but thiB 
appears to be disproved by the work of Teruttcbi,*** who showed 
that only 0.001 per cent of the total phosphorus of the rice grain is 
preeent in the alcoholic vitamin extract, and tins presumably inor- 
ganic phosphorus, and of Chamberlain and Vedder, who found from 
Rnalysis"' the following composition for the antincuritic extract 
from rice: total solids, 1.34 per cent; ash, 0.03 per cent; phosphonis 
pentoxide, 0.00.66 per cent; nitrogen, 0.040 per cent; sucrose, 0.88 per 
cent. Suzuki and Shinamura found nitrogen and sulphur, but 
no phosphorus m the active substance which they isolated from rice 
grits. From the ex-tract they isolated an acid wluch when heated 
with 2 per cent hydrochloric acid gave yellow needles or prisma hav- 
ing a melting point 300° C. These crystals gave the MiUon and the 
Ehrlieb diaio reaotions. The liquid filtered from the eiystala 
strongly reduced Fefaling solution. From these properties the aeid 
is supposed to be a g^ucoside. 

Voegtlia^'* daiina that although phosphorus is not known to be 
a constituent of vitamins yet a fairly accurate index of the ^ntamin 
content of eereals may be given by their phosphorus content. 

Little or no attempt has been made up to the present to isolate 
the antiscorbutic factor in a pure state. It is soluble in watw and 
dilute alcohol;*" it can be dialyzed through parchment,"' and passed 
through a Berkefeld filter without losing'" its antiscorbutic activity 
to any appreciable extent. Tt i'^ not absorbed by fuller's earth or 
dialyzed iron; a property which makes it possible to separate the 
antincuritic and antiscorbutic vitamins quantitatively from a mix- 
ture of the two by selective absorption. 

Harden and Zilva found that the antiscorbutic*'^ vitamin of 



StotM 1909. Etiology of beriberi; Cooper, Bioch. J. 1914. 8, 347; Voegtlin 
and Myers, Pub. Health Repts. 33, 23. 1918, p. 911 ; Snllivan and Voegtlin, 
PrOC. Soc. Biol. Chem. 191."^, .T Biol, Phnm. 34. xvii 1915-16. 

>*> Teruuchi, Saikin^akiuashi, Tokio, 1^10, iSo. 179, Zentr. Bioch. 
Bioplqn. 11, 710. 

las Chunberlain and Vedder, Phil. J. Sci. 6, 305, 1911. 

iM Sasaki and Shineman, J. Tolc GheoL 800. 32, Zentr. Biooh. Biophja. 
12, 11. 

Voegtlin, J. Waah. Acad. Sci. Oct 4, 1916; Voegtlin and Myers, PubL 
Health Repte, U, 23, IMS. 

Hoist and Frfilich. Ztachr. Hyg. 75. 334, 1913; Harden and ZU«a, 
Bioch. J. 19, 93, 1918; Hess and Unger, J. Biol. Chem. 35, 479, 1918. 

Hoist and Frdlich, Zeitschr. I. Hyg. u. Infectionsk. 7a, 1, 1912. 
^ Harden and KUva, 1. e. 

Harden and Zilva, 1. e. 

Harden and ZUva, I^noet 1918, H, 320. 
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orance iuioe was deBliroyed by dilute alkali at room temperatme. 
Orang9 juice znade neutral to phcoolphthalein and given m doaee 
of 3f 6, or 7 00. kqyt the animals in good condition for 7S days, and 
when they were killed at the end of this time the post-mortem showed 

no signs of scurvy. When, however, the orange juice was made N/^ 
alkaUne with sodium hydroxide and stored for 24 hours In a cold 
room these doses did not prevent or delay the onset of scurvy. If 
this alkaline juice was made add wiUi HCl just before ad- 

ministration the effect was still the same. Another set of animals 
received orange juice made N/ZSO alkaline with NaOH on the day 
of feeding. All died of pi urvy after a slightly prolonged period, 
thus showini^ that the juire after being made alkaline retained only 
a trace of its antiscorbutic activity. It has been pointed out that 
many antiscorbutic vegetables are either neutral or very slightly 
acid, and any culinary operation which entails rilkalme treRtment 
even to a slight degree will be instrumental ia tlie destruction of a 
significant part, at least, of this factor. Hiess and Unger note 
that after eanned tomato and orange juice had been rendered O^N 
alkaline to phenolphthatein, these juices were still effective if admin- 
istered shortly after alkallnisation. If, however, 24 hours elapeed 
between the alkallnisation and feeding then a considerable amount 
of the aniisoorbutic factor was lost. Delf ^* obtained Indications that 
the remaikable resistance of the antiscorbutic factor of orange juice 
to the desbiictive effect of heat is due to something other than the acid 
content of the juice, since the stability persisted even when the juice 
was nearly neutralised before heating. 

In this connection the work of McClendon and Sharp on the 
hydrogen ion concentration of foods during storage and preparation 
ia of interest in relation to preservation of antiscorbutic properties. 

l>iitch«r» Harthaw and H«U reaoh the fdlowing conclusioat: The anti- 
seoilNitie Tituiin ii not destro y ed by heatini at pesteuiinlkm temperatufe 

(S3* C.) for 30 minutes in doecd vessels or by boiling (100* C.) for 90 minutei 
under reflux condcn^rs. Hydrof^en peroxide po tBoaocB some destructive action 
when added to orange juice at room temperature and the destructive action is 
incToswid ivfaen the orange juice-lqrdrogen pefoadde mixtun iB heated at 68* aad 
tion but, in the absence of olddiiiiic' ageati^ ne stable to heat to the baQing 
100° c. Tlio anfisooH-^ntic prqportiea €d onaie juioe are •iisoepl3)le to oodda- 
iemperatute of orange juice. 

Hess and Unger, J. Bid. Chem. 38, 293, 1919. 
Delt Blodi. J. m, 14, ni. 
McClendon and Sharp, J. Biol. C9iem. 41, W. IflSO. 
i«« Dntcker, Haiehaw and Hall, J. Bioi Gbem. 47. 481, 1881. 
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The anftuieiiritio f aotor in autolyaed yeail and the anftitoorbuliio 
faetor m deoitiated lenun jidce diffuse thtougli a coUodKm membrane 
of iu<^ peimeability as pennits the passags of sobetanoeB suoh as 
Methylene Blue, Neutral Red, and Safranine. It is suggested by 
Zilva and Miura^^ that the active molecules whether simple or 
associated may be of a semi-colloid nature. 

Sherman, LaMer and CampbelP^ found that in the case of 
canned tomato juice the rate of destruction in one hour at 100 C, 
increaj'ed progressively with decrr:\=od hydrogen concentration. If 
the material was acidified immediately after the heating the deteriora- 
tion was less than when this was omitted, pointing; to a destructive 
effect of the hydroxyl ion even at lower temperatures. 

The juices of green malt, carrots, cabbage, potatoes, turnipg, and 
lean beef were all found to be dibtinctly acid whether fresh, or after 
cold storage, or after boiling in an open vessel. The juice pressed 
out of boiled food was aeid and the juice bmled after pressing out 
of fresh food was aeid. The unbdled preparations became more add 
on sfcandmg but the boiled preparations were so constant as to in^ 
dicate that their content of volatile adds or bases was veiy low. 
The fact that add fruit and vegetable juices seemed to retain thdr 
antiscorbutao properties longer than neutral or alkaline extracts 
led Hoist to the oondusion that the antiscorbutic vitamin was more 
stable in acid media, and the suggestion has been made^** that the 
water in which vegetables are boiled should be rendered slightly acid 
with citric acid in order to lessen the loss of antiscorbutic power 
during cooking. Evidence as to the effirnry of such treatment is 
conflicting however. Hoist and Frolich found that whereas 
freshly expressed cabbage juice lost its antiscorbutic power com- 
pletely after heating from 60° to 100° C. for 10 minutes, if the juice 
was acidified with 0.5 per cent citric acid before heating, some anti- 
scorbutic power was retained, but Deli failed to confirm this and 
states: 

" There should be no addition of either &lkaii or acid to the water (in 
nhiob v0|etaU« aie boiled) is tiiia inofesiM tiw iaeviteble kM of ■utiMttw 
hutie vitwniDi.'' 

BiochenL 1921, ts» 429. 

fiheraian, LaMar and Campbdl, Sd. Aug. 96, 178, 1991. 

Hol«t and Frolich, Norsk. Mag. Lagev. 1910, No. 3, Zeitachr. Hyg. 7a, 
1, 1912; Hess and Ungcr, Proc. See. Exp. Biol. Med. 1918, 15, 141, 16, 1; 
Givens and McClusage, Proc. Soo. Biol. Qiem. J. Biol. Chem. 41, xxiv, 1920. 

a« Gries, E. D. W. quoted by Ddf, Kodi. J. im, i«, 4Mk 

i«» Hoist and PrSlich, Ztsdv. Hyg. f, 1, 1913. 

AM Dal^ Biooh. J. za, Ol. 
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Hoist and Frolich (1. c.) themselves noted that the juice of dan- 
delion leaves was no more thermostable when acidified than in its 
natural condition, and sorrel leaf juice which is acid in reaction when 
expressed, lost all its pioteetlvt action wfam heated. Ohrent and 
McClugage^ found tliai the antifloorbiitic power of potatooB is 
IcMened by aoakiiig in itilute hydrooblorio or aoefeie add before oook- , 
ing. Cooking for 15 minutee in weak flQlution eadi ae 0J( per oent 
eitrie acid did not destroy the anttaooHnttie vttamin. 

Although crude uncruahed potato exereiaeB a marked antiscorbutic 
action, ite juice extracted by pressure possoooog only a feeble action.^** 
If, however, the potato is mixed with 2^ per cent, by weight of a 
mixture of 1 part of citric or tartaric acid and 4 parts of sucrose be- 
fore being crushed and the juice expressed, mich juice possesses a 
much mure marked antiscorbutic action. The loss of Rntiscorbatic 
properties of the potato by simple pressure ia corij^idered to be due to 
the action of oxidases during the process, and this action is inhibited 
by the presence of citric acid or tartaric acid. The juice from fresh 
potatoes has a stronger antiscorbutic action tiian that from potatoes 
stored during the winter. 

A teit advocated by BeMioiioff to determine the preeeDce of 
antiBoorbutic vitamin ie the following. A modified Folin-Denie i^enol 
leag^t prepared by adding an equal volume of N/1 sulphuric acid 
to a solution oootahung 100 g. of flodium tungrtate, 20 g. of phoepbo- 
molybdic acid and 16.6 c.o. of concentrated phoqihoric acid per litre, 
gives a blue coloration with plant extracts known, to possess anti- 
scorbutic properties, but not with extracts dm^oid of these properties. 
Of the various phenols examined the only one to give tliis blue color 
with the reagent was quinoL 

QiT«iii and McClogiget J* Bid. Chan. 4a, 611, 1920. 

BezBBonofF, Cor p toe wod, WSl, I73» 417; J. 8. C. L, 1021, fHA; tst 

also J. 8. C. I, 1921, 12t3A. 

BesMonoS, Comptes read., 173, 466, id21. 
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CONC£NTRAT£D PKSPARATIONS OF VITAMINS 

Yabiocb methods have been devised for obtaining preparations of 
vitamins in concentrated foim for use where the fresh foodstuffs are 
not available or where it is desirable to eliminate ever^ variable in 
nutritive factors except the one under consideration. 

The first concentrate of A was the " butter oil " ^ prepared by Ot* 
borne and Mendel,' but this was found to deteriorate on keeping^ 
even under the best conditions^ so that within a year its efficacy was 
almost entirely lost. A more satisfactory preparation was obtained 
from dried plant tissues by extracting with ether. The oily residue 
obtained when tiic ether was distilled amounted to about three per 
cent of the weight of the dried plant. Moft of these oils were potent 
in stimulating growth. A r^t rikiug exception was found in the extract 
of dried tomato which was not effective, although the dried tomato 
itself gave the best growth obtained in the whole series of experiraenta 
carried out at that time. 1 he great variation in the ease with which 
different plant tissues yield their vitamin to solvents has already been 
noted/ and apparently the grasses, clover, alfalfa, and timothy, and 
spinfeudi are particularly favorable sources ioe this type of preparation. 

Zihra' prepared alcoholic extracts of A from fresh cabbage and 
carrots by allowing the finely triturated foodstuff to stand for 12 to 
18 hours with alcohol, m the proportion of 100 g. of fjoodstuff to 
600 e. c. of alcohol. This was then filtered and the filtrate evaporated 
in vacuo at 35** C. The residue is said to be effective in promoting 
growth. Steetibock and BoutwelP regard alcohol as the most 
satisfactory solvent for the extraction of A from plant products, hav- 
ing found it considerably more effective than ether in this respect. 
Benzene also proved fairly satisfactory although inferior to alcohol. 

Since A is m)t destroyed by drying at moderate teniperatures, dried 

Osbonie sad Mcnddp J. BioL CSiflin. 41, M8, 1020. 

« See p. 90. 

* See pp. Ill, 112. 

« ZUva, Bioch. J. 14, 494, 1020. 

• StCMbock Mid BoBtwell, J. Bud. Owm. 18, 131, 1020. 
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plant products may be used as a convenient source of supply. Os- 
borne and Mendel * found 0.1 gram of dried alfalfa, elover, timothy, 
or qunacli as effeetive as an equal quantity of bvrtter-fat, while dried 
tomato was stall better. The products used were prepared from the 
plant materials by heating in a large drier, through which a current 
of air circulated at 00^ C. or leas, and grinding the dry residues to 
a powder. 

In making an extract of McClendon uses green leaves or fruit 
skins. These are dried, preferably in the absence of oxygen, and then 
fi^ound to a powder. The powder is moistened with alcohol by being 
thrown into n oontumcr liulf filled with boiling 95 per rent ftlcohol 
and allowed to remain without application of heat for twenty-four 
hours. The mass i« then placed in a strong canvas bag and subjected 
to a pressure of 5000 lbs. to the square inch. The press-cake may 
be ground in a mill and re-cxtracted if desired in the same manner. 
If, however, it is desired to recover the solvent, a preluuinary concen- 
tration may be carried out in a vacuum pan. The product is a sticky 
powder when absolutely dry, but it absorbs water from air and be- 
comes pasty. It contains resinous or fatty substances. When made 
from Etpinach a hygroscopic substance of waxy constituency is ob- 
tained. This preparation of A contains sufficient fat-soluble vitamin 
to afford normal growth in a rat, when 0.06 to 0.1 gram is added daily 
to a ration free from this factor. 

The methods which have been used for preparing concentrates of 
vitamin B fall into three classes: (1) those in which an extract of 
the food substance is evaporated to dryness at low temperature ; (2) 
tho^e in which the vitamin is precipitated from an extract containing 
it, the precipitate after purification is decomposed, and the resulting 
solution evaporated in vacuo; and (3) those in which the vitamin is 
absorbed by fuller's earth or some similar absorptive agent and the 
" activated " product thus obtained used without further treatment. 

The first method of procedure was used by Bosshard and Hefti,' 
who treat substances rich in vitamins, particularly yeast or rice bran, 
with dilute mineral acids at 80° C. until the biuret reaction gives a 
negative result. The product is filtered, freed from mineral acid, 
and then evaporated to dryness at the lowest possible temperature, 
either without further treatment, or after the conversion of the amino 
acids present into their calcium or sodium salts. By avoiding too 

T Osborne and ll«nd«l, J. Biol. Chem. 41» 649, IflSO. 

McClendon, J. Biol. Chem. 1921, 411. 
0 BoMhardaiidUcfti, J.&C.L,19ao,676A.i QenawPatoiian^ 
19, 1910. 
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hi^ a tompentture or add ooDoentration, the vitamiiifl are said to 
be brougiit Qnebanied into solution* 

In a prooeBs reoommended by the Soe. anon, pour llnd. cfaim. A. 
Bfile»* vitamm preparations are made by eomminuUng veg^ble sub- 
stances so as to retain the juice, adding a small proportion of add, 
if necessary, so as just to neutralise any alkali that may be present, 
and drying in vacuo at a temperature below 100° C. Preparations 
of this sort can be baked into loaves by adding flour and a distending 
agent «iioh h9 Fodium bicarbonate or yeast.** 

Voegtlin gives tlie following method for the extraction of vita- 
min B from animal tissues: 

Extract from ox b'ver.— Fredk ok Inrer nwm miiiMd in ft meat dtiepper and 

dried, first on glass plates at about 40* C. in a current of air from an electric 
fan, and tlie& in a vacuum desiccator. The dried material was then ground to 
a fine powder and otnetod wilh 96 per omt akohd for aovoal dajs at 87* C. 
About two liters of aloohd were used for each kilo of dried material. One 

half of the alcohol wn?^ used for the first extraction, and the remainder for the 
second extraction. During the extraction tlie bottles containing the material 
were occasiooally shaken. The alcohol was then filtered and evaporated in 
▼aeuo at 86 to 40* C, imtQ tiio tmidw in the flask showed a tendeBegr to fonn 
viscous bidibles which rise in the flask. The viscous residue was then poured 
into a separaton- funnel and extrarted with nhout twirp ita volume of ether. 
Three distinct ia^'ers formed, upon allowing the contents of the funnel to stand 
for three hours. The upper layer consisted of aa ethereal sohitioa of late and 
fipoidB, the middle layer of a white or yeiknrish insolufale nsidiitt, and tiie 
lower layer of a yellowiah or browTQ colored oil-like substance. The material 
containpd in the lower layer will hereafter, for the sake of brevity, be desig- 
nated as the " vitamin " fraction. The " vitamin " fraction was then run off 
into aaoUier sepaxatocy funnel, oontaining etherp and thoroughly agitated. 
After it had settled ont» the oily material was run off into a dish and the ether 
evaporatrd off in vacuo. The yellowish oil had a pleasant, nutt}- odor, and 
was soluble in water. Cooper states that this material is soluble in absolute 
alcohol, but it was found that its solubility was very alight in abeolute alcohol; 
idieieas 60 per eent aleohol diaBolvee it qiuite readfly. In esse a ehaip eepanti- 
tion of the various layers was not produced upon extraction with eUier, as 
much oily m<\teri!)l as possible was run off, the mixture of oil and solid material 
was run into a diah, freed from ether and the mixture extracted with a small 
amount of 88 per esnt aleohol. After filtering, the aleoholio solutun was again 
poured into ethsT and llie lower layer was treated as above. Hie various vita^ 
min fractions were then united and the ether evaporated in vacuo. 

Extract from thymus gland. — In the preparation of the vitamin fraction 
from the thymus gland of the hog. the following changes were found to be 

• British Patent 133,183, Oct. 15, 1918. 

** Synthetic fats, prepared by combining higher fatty acida with glycerine, 
may have vitamins added thereto. (O. Scbicht Akt. Oes., British Patent 
ISOyBIQ, Mir. 81, 1881). 

yocgUfal, KwBl and Hunter. Hyg. Ubw M m 1880. 
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necessaiy in the above method. Thymus glands could not be ground and dried 
in tlM umal my co Mooont of tlw diflieulty prasaited bj tlie laise MBiwat 
off QQDiiective tissue. The glands were therefore cut up tiith scissors into small 
pieces and allnwed to stand for ppveral days in 95 per cent alcohol; for 6,000 
grams of glands six liters of alcohol were used. The alcoholic extract was then 
filtered off, the lendue placed m a filter pnm mad remainder of the liquid 
removed in thie manner. The presaed-out thymue gtaada were then nineed in 
a meat chopper and again extracted with 8 liters of 05 per cent alcohol. The 
filtrate from the first pxtrartion w;is ovaporate<l in vacuo. On account of the 
tfenden<y to foam, the hitrate was slowly dropped mto the flask by means of a 
kng-ae^ed lepanlory fmael. The weight of the iiniiqr iwidue obtained fkoni 
the first extractioo to 120 grams. The eeoood alcoholic extract wae 

treated in the Mime manner. These fraction? were then extracted with ether 
in a separatoiy funnel. The lower layer, containing the vitamin fraction, was 
then run off and the ether evaporated in vacuo. The greater part of the vitamin 
» extneted faj the fint taetmoit with aleohol. The two fiwrtioiii weie united 
Mid wei^ied 181 gianib. 

These extracts were, however, considerably less eflBcient than either 
Activated Lloyd's reagent or Funk's fraction from rice polishings. 

F^ink't mettiod of tepuatioii by means of pbosphotungstio add 
is described as follows: ^ 

Since only relatively small quantities of vitamins are contained in the pre- 
eipitate due to phoqthotunffBtio aoid, the separation of these vitamins according 
to this method ie aoeompliihed on^ widi extreme diSeuHgr. Pnnk finds bgr 

treating the phoephotungstic acid precipitate with acetone, the major portion 
of the precipitate, containing the inactive ingredients, may be dissolved and 
eliminated, leaving almost all of the vitamins in the insoluble residue of the 
pieeiintate. Tims the pewwntige of ^itemiiM in the predpitate may be so in> 
creased that Funk dtims these substances may be isolated, generally in crystal- 
line form, after decomposing the precipitate and evfiporating or conpentmtinp 
the solution. Neutral lead acetate is an elective agent for decomposing the 
pfeeq>itate produced by phaq)hotungBtio acid. The method may be employed 

thyroid gland (ecutiform glandule), to separate the active substances. 

For example, 350 grams of a moist prrripiutn obtninrd from yeast extract 
by means of pho^hotungsfeio acid is ground up in a mortar, together with one- 
half a liter of seetone, oaiuins most of tiie precipitate to fo mto oolntioik The 
portion insoluble in a(»;tone is separated by filtration and this residue thsa well 
washed with arftone. The rrsidnp when dried weigh? about 20 gjams and 
hence represents only a minor portion of the entire preapitate produced with 
the pbosphotungstio acid. This insoluble residue is further treated by weU 
mixiag and grindinc with a sohitioii of nevtnU lead aeetate sod thea pkeed oa 
the filter, the filtrate being freed from excess of lead by treatment with hydro- 
gen sulphide. After filtering to separate the sulphide of lead formpd, the fil- 
trate is evaporated in vacuo, l^e resultant product is a white substance 
stystsBiiing in the lona of nssdlss sad weighing from <k3 to 01 giaBOS.*^ 

^ V. 8. Patent i;mfiOL 

u sko Bd^r* i« BioL Ghsn. V,m, IMA. 
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Ottu IS claims to htm obtatnad maoli mon agthre prepvatiflBs by dimi* 

nating the phosphotungstic acid and treating directly with lead acetate in iba 
following mfinner: The vitamin-containing mnterial is extracted with dilute 
alcohol and the extract freed from alcohol by distillaticMi in vacuo. The 
aqueout extract thus obtahied is treated auooe«aTe!y in an add atate by lead 
acetate and in a neutral state by bade 1^ acetate. The treatment with lead 
acetate in an acid state is claimed to produce only the precipitation of thr 
most of the inactive ingredients, the active substance remaining in solution. 
By the subsequent treatment with basic lead acetate in a neutral solution, 
accoidiiig to Oams, only ftiillicr impmitiea are pteeipitated witiioiit appv^ 
cfable los^ of active subetuioes. The lead is separated and 1:^ evaporating the 
solution in vfiruo Oam'» secures a highly active preparation which is easily 
soluble in water to u clear solution and which he claims may be preserved in- 
definitely and adapted to be administered per ae. The food produete or otlier 
avbatanoea of vegetable and animal origin employed as parent matemle may 
be Bubjected previously to a mechanical, physical or chemical treatment mr^k- 
ing their extraction with alcohol more easy, for instance a comminution with 
quarts sand, a plasmolysis, a liydrulyiiis with dilute acids or alkalis, or a diges- 
tion widi pepMtt and hydroohlorie add. 

The proceas ii illustrated by the following examplea: 

Rice bran in a finth -dn'idod state is extracted, in the cold, with dilute 
alcohol and the solution obtained is freed from alcohol by evaporating in 
vacuo. Tbe aqueoua milky liquid is sepaiated by deeantation from the oil and 
grease floating on its surface, is acidified with acetic acid and a soluti<m ot 
lead acetato i? added until no further precipitate is produced. The clrnr 5n!u- 
tion, separated by filtering off the lead acetate precipitates is accurately neutral- 
ised and a neutralized solution of basic lead a<%tate is added until precipitation 
IB comidete. The aolution aepamted from the predpitate by filtering » freed 
from lead by means of hydrogen sulphide or aulphuiic acid. In the fiiat caae, 
the solution obtained by filtering is directly evaporated to dn.Ticss in vacuo 
and in the second case the excess of sulphuho acid is removed by the addition 
of barium Iqrdrozid and fbe iolvtiaD, dunring atill a ledile add reaction with 
Congo indicator, is concentrated in vacuo. In eadi caae a li^t yellow crystal- 
line powder is obtained, which i» easily soluble in water to a dear adution and 
contains most of the vitamin present in the parent material. 

The weak milphuric solution, tiiorouKhly freed from the inactive ingredients 
and from the lead, obtained according to the above procedure may be concen- 
trated in vacuo and a sulphuric acid solution of mercury oxide added until no 
further precipitr^tr i« produced. The precipitate i.-^ filtered off, washed and 
treated in an aqueous supcu^iion with hydrogen sulphide. After the liquid has 
been separated by filtering from merowry sulphide, it to freed from hydrogen 
sulphide fay evaporation in a vacuum or fay introdudng an exces of eaibon- 
dioxide and evaporated to dryness in ■vacuo. The remaining rcsidTii- i? a 
yellow-brown mass, easily soluble in water, said to contain the active sub- 
stances of the parent material in a concentrated and very pure form. 

Hie edution freed from inactive ingredienta and from leiid, obtained accord- 
ing to the first example, is acidified with oxalic acid and a aolution of phoq>ho- 
tungrtic add ia added until no further predpitate ia produced. The predpttatot 

1* Qttaip Britidi Patent 1(0^, Jan. 4, 1917; Chem. Aba. 11, lflB3, 1917; 
Gmw and Sdireiber. U. a Patent 1 V,l«^ July 31, 1917. 
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tepaxmled by filteimg t&d wuhed with water containing oxalio uid, if au^ 
pnded in water and the nmiiBing ooUo aeid ie pradpitated nith oakiinn 

carbonate. The precipitate is filtered off and the filtrate, freed from calcium 
compounds, ia evj^Ksrated to dryncs in vacuo Thore ia obtained a yellow- 
brown ciystalUne powder, easily soluble in watur, which ia said to contain the 
▼itamin of tbe parent naterul in a highly oonoentnted. veiy pure end pei^ 
menent letin, and nhieh ia euiUMe for purpoaea of injeetion. 

The use of " aotivated " fuller's earth was iotroduoed hy Seidell.** 
Washed and pressed brewers' yeast, or other source of vHamm is 
digested for 36 hours at 37^^ and the clear liquid from the result- 
ing mass is mixed with about 60 grams per litre of finely divided f ul* 
tor's earth. The mixture is shaken and treated with about 1 per cent 
of normal hydrochloric acid to assist settling. The sediment is 
washed with dilute acid and with ethyl alcohol and then dried in 
vacuo over sulphuric acid. The vitamins contained in the yeast ex- 
tract are almost completely absorbed by the fuller's earth. The solid 
extract thus obtained can be taken cither in liquid suspension or as 
capsules, about 5 grams per day being an adult dose. 

The particular grade of fuller's earth found by Seidell to be most useful is 
a kind obtained from Surrey, Fnplnnd Hy tlic autolvsis of fresh yeast followed 
by filtration a clear reddish browu hltrate is obtained containing over 20 per 
oenft of aolida. This It veiy rich in vitamin. If fuller'a earth is added in the 
proportion of 50 grama per litre end kept in intinxate contact with the liquid 
for about bnlf an hour and then removed by filtration, the yeast liquor is found 
to contain practically the same amount of solids originally present, but all of 
the vitamin is now firmly attached to the fuller's earth and repeated washing 
doee not remove any appreciable amount of vitamin from it. 

Physiological experiments have shown that no deterioration occurred in 
gamplps of the " vitamin-activated fuller's earth " kept over two years. T-arge 
amounts of it can be readily accumulated and afttf being uniformly mixed, it 
can be standardiaed by physiological tests for its vitamin content Such ma*- 
terial forme a particulaitsr satiafaetoiy etarting point for ilie oomperatave ebidsr 
of various methods for the isolation of vitamins. 

Although vitamin B ia destroyed by heating to 120° C. for two hours, in the 
diy state in combination with fuller's earth it can be heated to at least 200' C. 
iritfaout appreciable deteriontum. Various attempts have been made to remove 
tibe vitamin, in its pure form, from its combination with fuller's earth, princi- 
pally by treatment with dilute alkali solutions^ but all attempts have eo far 
been unsuccessful.*** 

Eddy and Roper applied this method to the separation of the 

Seidell. U S Patent 1,178317; J. 8. C. I. sSi 608, 1916; U. 8. Pub. BmHIi 

Reporta, 31, 364, 1916. 

Seidell, Jour. Ind. Elng. Chem. 1921, 73. Details of experiments on the 
isolation of the antineuritic vitamin by miver nitrate precipitation are given 
bj BeldeU (i. Ind. Eng. Chem. ini, 1111). 

Eddy and Roper, FftM. Soc. Exp. Bkl. Med. li, 1016; Am. J. Ok. 
Child. 14, 1», 1017. 
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Titamin from pancnatie extract The mmoed glamU were extraetod 
with 05 per cent alcohol, contalmng enough hydrochloric acid to make 
it about 0^ per cent acid. The filtered extract was evaporated to 
diyneaa in a curreilt of air at 25^ C. The residue was extracted with 
water, filtered and conccDtrated in an air current so as to make 1 ce. 
correspond to 2.7 grams of pancreas. Fifty grams of Lloyd's re> 
agent ^* were added per liter of extract, and the mixture shaken in 
a mechanical shaker. After standing over night the pediment was 
removed with the suction funnel, dried in a current of air, re- 
powdered, f\nd finally dried in a vnriium desiccator. When the 
acti\'atcd Lloyd powder is dri^ it retains its power as a vitamin 
e^i^^ie^, and wlien fed to rats exercises the same power as water solu- 
tions of vitamins. 

Prankel and Schwarz " prepared an active fraction from yeast 
by extracting the yeast with SO per cent alcohol, removing the fats, 
and treating with basic lead acetate. The lead in the active filtrate 
is removed with hydrogen sulphide, and the filtrate further precipi- 
tated with mercuric chloride. Hie precipitate is then decomposed 
with hydrogen sulphide, freed from hydrochloric acid, and concen- 
trated m a vacuum. The concentrated eyrup is precipitated with 
picrolonie acid, which removes an inactive picrolonate, and the active 
substance is finally precipitated with phosphotungstio acid. The 
precipitate is decomposed with baryta and sulphuric acid, and con- 
centrated in a vacuum. The active base thus obtained is said to be 
twenty-two times more potent than the original alcoholic extract 
when tested by its power to accelerate fermentation. 

A method for the preparation of alimentary products containing 
vitamin B is described as follows: Whcut bran, or the husk of 
other edible seeds, is dried at 38 ' C. under redueed pressure and 
ground; the powder may be used as such or an aqueoufi infusion may 
be prepared from it which can be mixed with gelatin, etc, and formed 
into tablets — or it may be evaporated under reduced pressure to 
produce a dry powder. Filtration of the infusion is optionaL 

Water-soluble B also is prepared from wheat germ. This material 
is treated by McClendon's process in the same manner as in making 
a concentrate of fat-soluble A from green leaves (See p. Ill) up to 
the stage of presring out the extract, except that 80 per oent alcohol is 
used. The press-cake is ground in a mill and extracted again in the 

1^ A special form of fuller's earth. 

17 Frankel aod Schwart. Biocb. Zeitach., 1920, 112, 908. 

"ForgU^m^^ioMw " LUL, and B, BuUkkuim, BnUSA FMeot 161M 
Dee. »» me; J, 8. 0. L tae, 1981, 409A. 
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same manner. The press juices are concentrated in a vacuum pan to 
about one tcntli of the original volume or until a precipitate starts to 
form. An equal volume of water is now added and hydrochloric acid 
18 inkroduoed slowly and with stirring until a baXky nnd sticky precipi- 
tate coDeets. This is filtered off and the precipitate washed ndth 
distilled water and the washincs are added to the filtrate. The pre- 
cipitate 18 dried and extracted with bensol in an eitraetion apparatos 
and the beniol is evaporated. The residue oootains some of the wheat 
oil. The filtrate is broui^t to pH — i 4 to 6 and is fermented until the 
reducing sugar is lowered to about 1 per cent of the original valuer 
The yeast is filtered off and added to the next batch of vrheat germ 
and the filtrate is evaporated to dryness. In both the filtrate and the 
benzol extract, water soluble B is in quite concentrated form and thero 
is practically no lo*;? exoppt the portion absorbed by the yeni?t and 
which would be recovered m the next batch. A very small dose of 
either the lipoid or water-soluble fraction will cure a pig^n of poly- 
neuritis. The lipoid fraction will revive the hypodynamic heart of 
a turtle, but the water-soluble fraction is not efficacious. Both frac- 
tions stimulate growth.*^ 

In view of the rather cxtcn-'ive use of yeast as a source of B the follouring 
process for improving the taste of yeaat aad rendering it more digestible, is of 
intnest.^^" The yeast firrt be treated with a solution containing ammonium 
«r sodaum caibonats «r bona and wadMd to fonova Ilia faattar flavor, aad diaiii- 
tegratcd in any known way. It is then treated with hydrogen at a pressure ol 100 
to 200 atmofipheres and a temperature of 100° to 130° C. The liquid thus ob- 
tained may be used directly, mixed with fats or oils to form an artificial miik, or 
diilynd by deetro-otniiMif or otherwise to ramofe salti. The aotioii is f adlitated 
by the pwence of laisll quantities of sodium chloride, or organic acids such ae 
formir, acetic, tartaric, or citrir ari l. The yensi mny also be first reduced to 
a drj' powder and trr'r\trd uith hydrogen m tiiis st,ate. Catalysts such as nickel 
or palladium may be employed m masses, but not as powder. Higher iempem- 
tuiea and lower p tee w i re e mij be emplogred, ia lAibh ease the yeaat oniat be 
«adiad ate tnatoMita. 

Vitamin C rb found in fniit juices appears to be very easily con- 
centrated. Harden and Zilva prepared an actiN e antiscorbutic 
from lenion juice by precipitating the organic acids with calcium 

»^*» J. Biol. Chem. 1921. 411. Alcohol of 70% strength containing 03% hydro- 
chloric acid and 96% alcohol likewise acidified were used by Jansen (Physiol 
Abe. 5, 361) to extract rice bran. The extracts were applied to washed white rice 
and dried. The product was fed to cocks and dovea. The latter proved slii^tiy 
more sensitive than eodtt to lack of antineuritio 'vitamin. The methods of aat- 
Iraetioo gave thr" ramp rr?ni!t, the vitamin hring quantitatively extracted. 
Illustrated Otficial Journal, Mar. 9, 1921; PUuaon and Vielle. 
Harden and Zilva, Bioch. J. 12, 260. 
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earbonate and evaporating the filtered juice in vacuo at 30** C, and 
Harden and Robinioii** report that fruit juicee dried in vacuo at 
low temperatures retain a eonaiderable fractson of their original anta- 
Bcorbutio potency even after the lapae of two years.** Baaaett- 
Smitb*^ baa devised the following process by which antiscorbutic 
lozenges may be prepared from lemou'-juice: Juice of freeb lemons 
is filtered through musliui then is passed through filter paper under 
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lia. 5. — McCiendon's Drier 



reduced pressure. Tbe filtrate is evaporated in vacuo over sulphuric 
acid at a temperature of t^A^ to 15i^** C. The residue is a non- 
crystalline syrup, which is worked into as stifit a paste as possible 

" Harden and Robinion, Ibid. 14, 171, 1920. 

so See alao McClendon, Bowers aud Sedgwick, Proc. &oc. Biol. Cbem. 
J. Bifll. C9i«BL 46. ix, 1921; <Uveiw tad Macy, Drid. xL 
^ Bassete-SsBitlv ImomA, IfM, ii» 1109. 
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by incorporation with a dry mucture of anhydrous laotow 97 parts 
tad gum tragacantli 3 parts. The paste is divided into portions, 
eaeh of which contains the juice of ooe-half lemon and is equivalent 

Vitamin 
Tube 
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to 24 cc. of the juice — the dose for an aduHw Each portion u rolled, 
faced with the diy nixtiiie of lactose and gum, and preBBed Into a 
lozenge. Five days are required for the entin process of manu- 
facture. The losenges readily dissolve in water containing a small 
amount of sodiimi bicarbonate. These lozenges have been foimd to 
retain their efficacy for at least three months at ordinary tempera- 
tures. At 37° C. the material darkened graduallyi and the vitamin 
became slightly deteriorated. 

Water-soluble C is extracted by McClendon from fruits or tomatoes. 
If oranges are used they are pressed and the juice is run into a vessel 
previously filled with carbon dioxide so as to exclude the oxygen of 
the air. Baker's yeast is added and the receptacle is tiglitly covered. 



Fermentation is allowed to proceed at room temperature until the re- 
ducing sugar is lowered to about 1 per cent of the original value which 
requires about 24 to 48 hours. The juice is then filtered with the 
exclusion of air and is condensed by spraying (in the apparatus 
described below) in the absence of oxygen, until the volume is reduced 
to about one-twentieth of the original volume. It is then thrown into 
four volumes of 95 per cent alcohol and the precipitate thus formed is 
filtered off and the filtrate sprayed and reduced to dryness with the 
same ptecautions. The teoqwralnre of drying is about 80^ C. 6 to 
10 gms. of concentrate C were found to be miflioient to prevent aeurvy 
in guinea pigL*** 

McClendon and Dick** have devised a qieolal apparatni for the 
drying of orange juice and milk on a oommerdal scale, in which the 

McQendon, J. Bid. Chem. 1021, 411. 
M McQendcn Md Dick* Fkoo. 800. BmL Gb«ni. J. BioL Chen. 4t, t, VSOL 
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liquid is sprayed into a hot-air efaamber (56* (o 70* C). Tbe tame 
of eipaflure is only one mimite, and the antlsooibutic propertiee of 
the product are not eigiiificantly impaired by the prooese. 

An apparatus used by McClendon for drying eitnusts of Tita- 
mins is shown in Figure 5. A drying chamber supports a charcoal 
heater furnishing hot flue gas as the drying agent. A tank above 
the drying chamber contains the vitamiri extraot which is fed down 
into the drying chamber through a tube which delivers the liquid to 
a pair of disc distributors of aluminum. The^e distributors have saw 
tooth edges and on rapid revolution of tlie discs tlie serrated edges 
serve to throw off the liquid as a fine spray into the drying chamber. 
A fan propels the flue gas downwardly across the path of travel of the 
spray and causes rapid drying of the solid constituents. The dried 
material in the form of a powder settles to the bottom of the drying 
chamber and waste flue gas escapes by a vent in the aide of the 
chamber. Figures 6 and 7 show details of the sprayer and fan. 
Combustion in the furnace must be such as to consume the oiycen and 
yield some carbon mooodde so that oxidising eondi t aoD S will not pre- 
vail in the drying chamber.**^ 

Qivens and Macy " have reported favorably upon the antiscorbutic 
properties of fruit juices dried by the Merrell-Soule process.'* Such 
juices are said to retain their potency for from 14 to 20 months at 
least 

Dubin has given the name Vitaphos to a preparation made from 
corn, autolyzed yeast, and orange juice, and said to contain the anti- 
neuritic, antiscorbutic and antirachitic vitamins, in stable, active 
form. A tentative analysis shows 10 per cent calcium oxide, 15 per 
cent phosphorus (mostly organic) , 3 per cent ailrogen and 2 per cent 
fat. Experiments flrst with pigeons, guinea pigs, and eventually with 
children gave results indicating the product possessed marked growth- 
promoting properties and both preventive and curative properties 
as regards polyneuritis and scurvy. Cases of rickets treated with 

«»« McCIcndon, J. Biol. Chem. 47, 1921, 415. 

As the operation prorecd?, the ceiling of the drying chamber gradually 
gets hotter and li the operaUuu la not stoppod m a short time some of the coa- 
oealmte as burned on the eefling. Hub miy be cbviated, eoeofduig to a private 
oommunication from Prof. McClendon, by making the ceiling in the fona of a 
ehallow metal pan and filling this with water. The authors desire to acknowledge 
the courtesy of Prof. J. F. McClendon and the Journal of Biological Chemistiy 
in granting pOTmiasioo to use the flhiatrilimui leiatiBf to the If eClflBdon drier. 

*• I. e. iL 

. Maeep.38r. » Mio, SeienM H, 
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" VitapboB " showed marked improvemente and oonaiderable gain in 

weight. 

An interesting preparation has recently been put on the market 
by Page & Shaw, the well-known candy makers. This is a pala- 
table milk chocolate in which are incorporated concentrated extracts 
of the three \'itamins. Exact information as to the materials used 
is not at present available, but the manufacturers claim that the 
process of preparation is such as to preserve the vitamin potency to 
a higii degree, and that it is possible to blend the three vitamins in 
any desired proportions so as to produce cither a balanced ration of 
the three, or one in which any particular vitamin predominates accord- 
ing to individual need. Clinical tests as to the effects of this chocolate 
on children and adults are still in progress, but preliminary ejqieri- 
ments have given very satisfactory results, especially with respect 
to vitamin B* 

Another product on the market, reported to consist of a mixture 
of chocolate and yeast, is known as Chocolate Yeast or C-Y. The 
product is in wafer form and has a pronounced chocolate flavor with- 
out any odor or taste of yeast. Each wafer is said to contain approra* 

mately the same percentage of yeast as is present in a compressed 
yeast cake. An analysis from the Schwars Laboratories " showed: 



As there is some ob]e<ction to feeding vitamins in the form of a con- 
fection, Dass *' has incorporated yeast and pp.inTit butter to make a 
desirable food product. The predominatmjj; t]a\nr of peanut butter 
entirely conceals the taste of yeast. The product is stable over a long 
period and appears to be a very satisfactory way to administer yeast. 
Das3 also has added vitamins from other sources to peanut butter 
without impairing the flavor of the latter. Yeast decreases the ten- 
dency of peanut butter to cling to the roof of the mouth and in this 
way improves the palatability of the butter. 

Hawk, Smith and Bergheim emphasise the value of yeast as an addition 
to food products. They found bread containing 10 per cent of the total pro- 
tdn in Ae foim of milk pvotaiiiB to be inadequate for Hie aonnsl Biowtii of 
white rats. The addition of yeast powder gavo a more effinent xntion.*** 

*• Data furniahed throu^ eourte^^ of Mr. W. B. Mefjaiitfilin, PNtident» 

Chocolate Yeast Co. 

" Ellis Foster Co., Mont<;lair, N. J. 



Dried Yeaat 

Pat 



Cane Sugar 
Cocoa Butter 



10JO% 

38.74% 
31j66% 
19.107« 



Am. J. Physiol. $6, 33. 1»21. 
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A concentrate known at» Suslo has been examined by. Hawk and the iormuia 
modified by the mddition of oaldum oomiiotmds nd dried oompraned yeeit, 
The dietetic teeto made fay Hawk on Siuto were favoimble. 

A vitamin extract for therapeutic ; Iministration is put forth by 
Parke, Davis & Co., under the name ul Metagen. The product is of 
a dark green color witli an odor recalling hay and contains water- 
soluble and fat^oluble vitaminfl. Metagen is offered for 1180 in dofi* 
ciency dieeaees — beriberi, scurvy, maraflmus and malnutritiona; as 
a supplemental therapeutic agent in rickets and pellagra; as an 
adjuvant in ill-defined disofdeis of nutrition; in eonvalesoenoe from 
inf eotunis and other debilitatins diseases, and in the nutritional treat- 
ment of wasting diseases, anemia and other dyscracias. 

The usual dose of Metagen for an infant is half the contents of a 
five-grain capsule, mixed with a small quantity of water, which is 
repeated two to four times daily , between feedings. In the cases of 
older children, three to ten yearf of aRC, one capsule -should be given 
three times {hulv, before meals; for children of t<^n to sixteen 
years the uuinbir of cnpsules should be inrreafsed to four. Should 
difficulty hi « xpent iRed in administering the capsules to children, 
the contents may he removed and mixed with a small portion of food, 
provided it is not hot. The adult dow is two capsules two or three 
times daily, before or after meals.'* 

The suggcrftion comes from McClendon to use the peel of citrus 
fruits to make a vitamin tablet. The procedure is to 0rind orange 
peelings in a meat chopper, then dry and grind in a coffee mill. Hie 
powder is made into tablets by the addition of dehydrated orange 
juice serving as a binder. ' Such tablets contain vitamins A, B, and C. 
Similarly ground spinach may be made into tablets with orange juice. 

Various preparatiomt of vitamins combined with certain tonic drugs are 
now being introdnoett Amoog these may be mentioned "Vitamon,'' a eom- 
ponnd <^ the three vitamins with small quantities of nux vomica and calcium 
glycerophf^hatei?. No data is at hand with regard to the therapeutic value 
of this in human nudnutriticm. 

DnBUBoad <Am. J^. Fob. Bealtfi xi, AHi, 1921) wanis eciiail the eonuaeieisl 
eaqiloitatioD of vitamins. 

» McClendon, Seieoee 54. lfi31* 
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HOW KANT VITAMDrs ABB THBBB? 

The existence of three well-defined vitaiiiins, growth-promoting i4, 
antineuritic B, and antiscorbutic C, ia apparently well established. 
Some evidence has been accumulated which points to the possi- 
bility of a fourth, which has usually been included with the 
antinetiritic factor on account of simihinty of ijroperties, but which 
is distinguished from this inasmuch as it is essential for growth but 
has neither preventive nor curative effect on polyneuritis. 

Assuming, in the latter case, that wo are dealing with two distinct 
factorfi, it will be noted that they show btnkiiig uniformity of dis- 
tribution. Although our present methods of investigation are not suf- 
ftdffiatly atandanfiied to main qaai&kBi&n raraltB flotirely oonvino- 
ing, in general it would appear as though foodstuff! wbidi aie rieh 
in antineuritio are also rich in growth-promoting power, and those 
low in aataneuritto are also poor in the growth-pramoting factor. 
There are, however, several instances in which this fails to hoM true. 
While a diet containing 88 per cent of unhusked rice, along with 
easdn, salts, and butter-fat, is said to furnish sufficient B for nor- 
mal growth, being comparable to whole wheat in this respect,^ 
Gibson and Concepcion ' report that an exclusive diet of imhusk^ 
rice afforded incomplete protection to pigeons ng;ainst polyneuritis, 
as was shown by the degenerntive changes in the scintic nerve, 
Voegtlin, Lake nnd Myers * found tlic endosperm of corn and wheat 
practically devoid of antinucritic while Osborne and Mendel* as- 
sert that wlicat ( ndospcrni rich in growth-promoting B. Accord- 
ing to Chick ;ind Hume, the omon is poor as a source of antineuritic 
factor, being a])out equivalent to fresh meat in this respect," and 
Chamberlain, Vcddcr and Williams* report the water extract of 
onion to be without effect on polyneuritic pigeons; on the other hand, 

a McColIum and Davis, J Biol Chpm. 23 , 206, 1916. 
s Gibson and Concepcion* Phil. J. bci. 9, 119, 1914. 

• VMgtUi^ IslM Slid iKsrtfS» Froe. 800. Biol. Ghem., J. Biol. C3wm. 41, z., 
1«30. 

• Osborne and Mendel, J. Biol. Chem. 37, [k'u. 1919. 

• Chick and Hume, Tr. Soo. Med. Hyg. 10. 141, 1916-17. 

« Chunberlaia, Vedder tad WUliams, FUL J, BeL B7, 45. lOtt. 
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Otborne and Mendel ' found considerable amouDts of growth- 
promoting B preMoL Chick md Hume (1. c.) place carrots in the 
Bame cUw with onioiui and f raah meat u a Bouroe of antlneurttie 
factoTi and Davis * found that five grams per day afforded no pioteo- 
tlon against polynsuritis, yet Osborne and Mendel* and Suguiia 
and Benedict ** agree that they are ridi In grow Ui*promotSng JB* 
Veiy shniiar evidence is given with regard to the potato. Wliile 
eomparable to carrots in growth-promoting power,*^ it is lovr in anti- 
nsuritic factor,^' although Davis secured protection against poly- 
neuritis by administration of eight grams of raw potato per day. 
Milk is poor in antineuritic substance, according to Chick and 
Hume " and also Gibson and Concepcion," but remarkably rich 
in growtli-promotmg power, according to Hopkins/'' Although other 
investigators have not succeeded in attaining normal growth with 
such extremely small quantities of milk as those used by Hopkins, 
they have demonstrated the presence of at least a fair amount of 
growth-stimulant. Orange juice is said to coolaio antineuritic fac- 
tor ill very small amounts," but Osborne and Mendel found it 
almost equivalent to milk in growth-promoting power and Punk and 
Dubin," unng a modification of Willians' yeast tsst^ assert that 
it has about half the value of autolysed yeast as a growth stimulant. 

Several observers liave noticed considerable difference in the rela^ 
tive amounts of the same foodstuff which are required to protect 
against polyneuritis and to induce growth. Schaumann"* aacer^ 
tsined that if a ration of a vitanun-containing foodstuff were ado> 
qnate to prevent onset of polyneuritis in birds, when this ration was 
added to a diet of polished rice, loss of weight was prevented. On 

^ Otborne and Mendel, J. Biol. Chem. 30^ 99, 1990. 

• Davis, J. Home Econ. 12, 209, 1920. 

• Otborne and Mendel, J. Biol. Chem. 41, 451, 1920. 

^ Ssgeiim sod Bencdiet, J. Biol. Ghsoi. 38» 171, 191, 1918. 

" Otborne and Meodel. J. Biol. CheoL 41, 461, 1990; HcCotlesa, Bim- 

mondn find Parsons, lb. 36, 197, 1918. 

'2 Chick and Hume, Med. Hes. Com. Report, No. 38, p. 30; Vedder and 
Clark, Phil. J. Sci. B. 7, 423; McCollum and Kennedy, J. Biol. Chem. 24, 491, 
1916-10. 

" DaWi, J. Home Econ. 12, 209, I92D. 

Chick and Hume, Jour. Roy. Army Med. Corpt, 29, 131, 1917. 
" Gibaon and Concepcion, Phil. J. Sci. 11, 119, 191. 
M Hopkins, J. Flijnol. 44, 425, 1912; Hopkins sad NevfllSb Bloeli. J. 7, 
97, 1013. 

" Harden and Zilva, Riorh. J 12, 93, 1918. 

" Osborne an<l Mendel. J. Biol. Chem. 42, 465, 1920. 

i» Funk and Dubin, J. Biui. Qhcm. 44, 492, 1920. 

Scbsamsim, Tmm, See. Tnp, Msd. Bfg. 6, 60, 1911. 
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the other hand, extracts of these foodstuffs prepared by extraetion 
with acid or alcohol, while still sufficient to prevent polTiieuiitis, 

were no longer able to prevent loss of weight. 

Voegtlin and Towles *^ noted that the extracts of autolyzed spinal 
cord may be antineuritic, yet be unable to re-establish normal metab- 
olism, i. e., restore body weight. Cooper came to the conclusion 
that the substances preventing polyneuritis and maintaining weight 
were separately distributed in natural foodstuffs, since for certain 
of these, in which the two appeared to be evenly balanced, such as 
yeast, ox-heart, and ox-brain, the daily ration requireil to prevent 
polyneuritis also maintained the weight of the bird, while in others, 
such as cgg-yolk, barley, lentils, this daily ration had to be increased 
if loss of weight were to be prevented. Chick and Hume observed 
that while three grams of wheat germ every second day prevente 
polyneuritis, two to three grama daily produoed great improvement in 
body weight, health, and vitality.*' These results might be interpreted 
either as due to different requirements of the same vitamin for dif- 
ferent metabolic functions or to two vitamins which are present in 
different amounts. The evidence is not convincing on either nde. 
Mitchell (1. c.) remarks: In investigations on the comparative anti- 
neuritic properties of foods, the experimental polyneuritis of pigeons 
is almost invariably induced by a diet of polished rice. Polished 
rice is defective in several factors beside the antineuritic. It is 
tlicroforr prdbnblc that foods containing comparable amounts of this 
Mt iinin may be unequally effective in preventing or curing the poly- 
neuritic sympt<)ms, depending upon the extent to which they supple- 
ment pull^:lcd rice in these other respects. Conversely, foods con- 
taining unequal concentrations of the antineuritic principle may have 
their relative values as sources of the vitamin distorted for the same 
reason. 

F^k noted that inhibition of growth may be caused by a diet 
containing vitamin, and regarded this as indication that the growth- 
vitamin is not identical with the anti-beriberi vitomin. This con- 
clusion was not Justified, however, since the diet employed was un- 
doubtedly defidoit in ii. Later*' he attempted to separate a growth- 
stimulatkig fraction from yeast by the methods which he employed 
for separating an antineuritic fraction. He states: 

>^ Voegtlin and Towles, J. Exp. Pharmocd. 5, 67, 1913. 
» Chick and Hume, Froc. Roy. Soc. QOB, 44. 

CUck sad Hume, Fkoo. Boy. Soe. 90B, 44. 
»* Funk, Z. Physiol. Chem. 88, 352, 1913. 
w Pink sad Macallum, J. Biol. Chem. 27, 63, 19ia. 
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The fnetiooatkm of yeast with phosphotungstio aoid Atma timt the growth- 
promoting siitetanc* is carried down with tho precipitate and a large part of 
its activity is la^^t during the fractiontitioa. The instability of this substance 
when fractionated with silver »&hs pret<ents greater difficulty than that experi- 
enced during the fractionation of the beriberi vitamin. . . . The ei^peri- 
BMotel evidenee indicates that oonatderab^ laiier Auaiitities of ▼itamini are 
neoeasaiy for stimulating growth than (or curing beriberi, and the losses occur* 
ring during fractionation are more apparent in tho former than in the latter 
ease. However, it must be admitted that while it is uncertain whether theee 
two fubataiicea are diemioally cBffeieiit^ tiie reeoHa obtdned do not esdude 
audi a poaibility. Lloyd's reagent, aa rBoommended by Seidell, haa alio 
been Ti^rd n."^ n precipitant without much success, as rata whieh have been giren 
the fitrate have also shown increments in growth. 

All attemptB to disUnguiflh between the two substances by their 
behavior towards predpitants have proved a failure. WUle the 
two seem to be precipitated by the same reagents, the loss of activity 
in the course of manipulation is so large that no satisfactory oondtt- 
sions can be reached.'* Mitchell*^ points out that the growth- 
promoting factor appears to suffer more extensive deterioration dur- 
ing fractionation than does the antincuritic, which may be regarded 
as an indication of the existence of two 5iih?trinrrs instead of one, 
although it rnn hardly be considered a curn lu^ive argument Drum- 
mond remarks that it is naturally very dithcult to trace the growth- 
promoting principle during fractionation, because minute traces of 
that substance do not always demonstrate their presence by causing 
appreciable increase in the body weight of the experimental animal, 
whereas such extracts are often suflBcient to cause decided improve- 
ment in the condition of a polyneuritic pigeon." 

Both the andneuritic and the growth-promoting factors are soluble 
in water and dilute alcohol. According to Osborne and Mendel 
and Dnmmiond,** the growth-promoting factor of yeast is insoluble 
in absolute alcohol. The antineuritic, on the other hand, is said to 
be extracted by strong alcohol from the foodstuffs containing it*^ 
While acetone and benzene extracts of fat^free wheat embryo are as 
efficient as water or alcohol in curing polyneuritis, these solvents are 
not successful in extracting the growth-promoting B from foodstuffs.** 

>« See Funk and Macallum, 1. o.; Bddy, J. Biol. Cbem. 97, 113, 1919: 

Drummond. Bioch. J. 11. 255, 1917. 

Mitchell, J. Biol. Chem. 40, 399, 1919. 
M Drummond, Bioch. J. 11. 2^, 1911. , 
t* Oaborne and Mendel. J. Biol. Chem. SI, 149, 1017. 

Drummond, Bioch. J. 11, 261, 1918. 

Bijkman, Arch. f. path Anat. 148 523; 149. 197; FraBer and Stanton, 
Lancet, 1910, ii, 1766; Funk, J. Physiol. 43, 395, 1911-12; Cooper, J. Hyg. 12, 
4M, im, ** McGollvB and Kennedy, J. Bid. Cben. M, 401. 
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TliMe faeti would seem to lodioate tbe eodetenoe of two faoton, but 
there an sufficient discrepancies in the statements as to solubility, 
even where there is no question of more than one vitamin bong in- 
volved, to make us chary of drawing conclusions from this proper^.** 

The stability of the two towards acids and alkalies seems on the 
whole to be very similar. Williams and Seidell '* have reported 
an exprrimont in which they found that when fuller's earth, which 
had been activated by contact with autolyzcd yeast filtrate, was 
treated with aqueous alkali it lost its growth -promoting power, where- 
as its antineuritic eflBcacy was unchanged. Emmett and McKim," 
however, found that even without the alkali treatment, activated 
fuller's earth had ver>' little effect in prt)moting the growth of pigeons, 
being very inferior t<) the natural loodstufib m this respect. They 
conclude that the outer layers of the rice grains contain two vitaminsi 
one of which cures or prevents polyneoiitis and tbe other produces 
growth, aod of these two the yeast vitamin preparation obtained 
with fuller's earth contrfiins ehiefly the curative fraction. 

Somewhat more convincing evidence lias been obtained from a 
study of the rdative stability of the two towards high ten^eraAures. 
Ibis has been very carefully investigated by Emmett and his co- 
workers, from whom the accompanying table sunmiarising the resulto 
of earlier investigators has been taken.** 

» McCoUem §ad Davit, J. Biol. Cbem. 2S, 9SS, 1016; McCollem and 

Simmonds, Ibid. 33, 55, 1918. 

»* Williams and SeideU, J. Biol. Chem. ^, 432, 1916. 
M Emmett and McKim, J. Biol. Cbem. 32. 409, 1917. 
Emmett aad Luros, J. Biol. Chem. 43, 265, 1020. 
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POLYliBUSmS (ANTINEDBrnC VXTAMDO 





TaoBiMntan and time of beftting 


DdbUimiIiuu 


BolenoM 


A 

2a 
3b t 
4b 
5a 

6ft 

7b 


SteUmL Foirl. Pigeon, ddcktn, 
and dudL 

100* C. moiflt beat 

EiZS VOUC. 4 nttwk. 

J^*^t ■■■■■■■ 

" in presence of dilute alkali 

Buffalo meat, several days 
Beef, 30 min. 
Yeast eztnct, 1 hr. 

UmdOediiMhSlm. 


None apparent 
Total 

w 

None apparent 
Slight 

NoMftppinnt 


C oooer (1) 
Steenbock (9) 

Gri]nB (8) 
Hoist (4) 
Chick and 

Hume (5) 
Cfalck and 


B 

8b 


110^. ftatodftTe. 30 min. 
Bme 


AppNeUblft 




c 

9ft 

D 
10b 


1 13*. autoclave. 1 hr 

WiMfti OBlvTO (103-107° for 40 min.) t 

115°, autoclave, 2 hrs. 

Unmillfid lio^ miUot, oftta, lye, barley 


Total 


Chick and 
Hume (6) 

Sljlanan (7) 


E 
lib 

USD 


120', 15 poimdB pwMui^ 80 min. 

Beef, eggs 

uiHMi peaB) uiimuwa iNuwy 


Marked 
one ftiipftniit 


Vedder (8) 

Itnlat td\ 
IMHW 


F 
13b 


15 pouuda preasure, 1 hr. 


Total 


U II 


a 

14b 

16b 


120\15jp<mndi pnMure, 1) hit. 
Bailqr 


it 
it 


WeOl, Mooii- 
quand, and 
Michel (9) 

WaiU,andM<m- 
Hqjuad (10) 



t a> tested curatively by fdviag it to potynoiiritie fowl; b, teited |iroi»hybi»> 
tiiHilly by feeding normal fowl. 

X Temperature of the substance it^lf and length of Ume it remained at this 
point. 

a) Cooi»er, E. A., J. Htk., 1912, zia, 448. 

(2) Steenbock, H., J. BioL Cham. 1917. ziiz, p. xzvii. 

(3) Grijns, Oneenk, Tijdschr. v. Ned. Ind., 1901, ^ 80. 

(A) Hoist, H., J. Hvg., 1«>7, rii. 619. 

(5) Chick, H., ind Hume, E. M., J, Army Med. Cknpe., 1917, xrix, 121. 

(6) Chick, H., uiii Hume, £. M., Pro . i;<> v Soc. LosMkll^MliMB» 1919^X0, 44. 

(7) Eylrman, C, An h. Ifyg., 1906, Ivm, 150. 

(S) Vedder, E, B., .1. Hvtr., 1918, x\'n, 1. 

(9) Weill, £., Mouriquand, G., and Michel* Qompt. rend. Soo. biol. XdiQ, 
hoAju 180. 

00) WdU, Bi and Moari«Mnd, Conqit. rand. Soo. UoL, 1918, fanriii, 640. 
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POLYNEURITIS (ANTINEURITIC VITAMIN) —ConlimMi 



H 



16b 

17b 
ISb 



19a 



20a 



Temperature and time of beating 



K 



21b 



M 



23b 
24b 



N 



26b 
36b 



SteUon I. Fowl: Pigeonf dUdben, 
GTid duck. — Candmad 

120°, 15 pounds piw^ure, 2 hrs. 
Unmilled rice, Kutjidj^o beans, buffalo 

meat 
Horse meat 

"Ry^t unmiHwd rice, milktt wti^ bazkur 

122", autoclave, 1 hi. 
Yeast extract and wheat anbiyo (110- 
U7"for40inin.)l 

122", iiutorlavo, 2^ lirs. 
Yeast extract and wheat embryo (118- 
134* for 3 fan.) t 

125°, autoclave, 2 hre. 
UnniillMl rieo and niUet 

135% autoclave, 2 hia. 

UniniUed lioe^ lye^ iiiillBl» oftta^ btriegr 

SmUon II, Degt 

120-130°, autoelav«» 1 to 3 hn. 

Horee meat 

Lean beef in presence of 10 per cent 
Mtm//I. Cata 



Na«COk 



m 



of 10 per oent 



Total 
None apparent 
Total 



AppredaUe 



Very marked 



Total 



Total 



Appreeiable 
Total 



Grijns f3). Eyk- 

man i, 7) 
Eykman (7) 
Hdbt(4) 

Chick and 
Hume (5, 0) 

Ckttaad 



C7) 



(4) 



Schaiunann(ll) 
VoegtUn and 
- (12) 



Voegtlin and 
Lake (12) 
Voegtlin and 
" (12) 



X Ternperaturc of the substance itself and length of time it remamedat this point. 

(3) Grijns, Genecsk, Tijdschr. v. Ned. Illd.» 1901, 1^ 80. 

(4) Hoist, H., J. Hvg., 1907, vii, 619. 

(5) Chick. H., and Hume, E. M. J. Rov. Army Med. Corps., 1917, xxix, 121. 

(6) Chick, H., Hume. E.M. T : ru . ] ;ov. Boc.LoiMion, Setioi B, 1919, ii. 
(7i Eykman, C, Arch. Hyg.. 190o, iviu, 150. 

(11) Sehamnann, BL, Ansh. 8chiffs-u. Trupcnhvg., 1910, mppL^ xtv, 64. 

(12) VoegtUn, and Uk% O. C, Adl J. Fhyafol., 1918-19» xhrii, 668. 
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QROWTH-PBOMOnNQ VITAMIN (WATEBr^LUBLB B) 



Series 


Temperature and time of beating 


Destruction 


Kefercnco 




Seclion I. Rati 








A 

1 


9^-100'* C, dry heat, several hn. 
liver, heart, kidney, brain 


None apparent 


OiboiMMid 


B 

2 
8 

4 

5 

6 
7 
8 

9 

10 


100°, moist hMt 
Froteiii, fi«d inilkt 2 min. 

Mi]kwlM!jr,61in. 

Sxtnust yeast, SOnfai. 

Extract wheat cmbno, in prOMOiOe of 

0.28 per cent iNaOH, 1 hr. 

Extract veast, in pfnienae of 6 per oent 

NaOli 5 hn 

Buv Ih iiiid, tmiwy beana, cabbeji, 40 to 
120 min. 

847 hmam (120 mm.), navy beans (90 
min.). cabbage (45 min.) in pwicaoe 
of 5 per oent NaUGO,. 

Yeast. OJ N NaOH for 21.5 hts. in 
COM* 8 hn* twntiin 


NomnppiNnt 

« w 
*t u 

Marked 
NoM appuent 

M *t 

II « 
tt U 


Osborne and 

Mendel (14) 
McCoLlum and 

_ Davis C15) 
BfUBflund (16) 
McCoUum and 

(17) 

DfUBOHOddO) 

Daniels :uiil 
McClurg (18) 

Daniels and 
McClurg (18) 

Denton and 
Kohman (10) 

Oibome, 
Wakeman 
ana 90Bj\M) 


c 

11 

12 
18 


lOfi*", dry heat, "fvprnl hrs. 
Meat powder (lean bed) 

Beef eactraet 

OooipiNMed ysist 


It 
U 
It 


M 

It 

n 


Osborne and 
Mendel (21) 

Osbocne and 
Mendel (21) 

Hawk, Fisb. 
back, and 

BifiiiBi m 



t Placed in cans, then immersed in water, and heated at 100° for 2 bra. 

(13) Osboxae, T. B., and Meodei, L. B.» J. Biol. Cbem, 101& xxxiv, 17. 

(14) Ofbofaei, T. B^ and Meodei, L. B^ Garaeeie Inst of WaahinKton, Pub. 
156, pts. i and ii, 1011. 

(15) McCoUiun, E. V., and Davia, M., J. Biol. Chem. 1915, xxiii, 247. 

(16) Drommond, J. C, J^iochem. J. 1917, xi, 255. 

(17) McCoUimi, E. V., and Simmonds, N., J. Biol. Chem. 1918, xxxiii, 56. 

(18) Daniels, A. L. and McClurg, TT. I,, J. Biol. Chem. 1919, xxxvii, 201. 
fl9) Denton, M. C, nin\ Kohman, E., .7 liiol, Chem. 191S, \xxvi, 210. 

^) Osborae, T. B. Wakeman, A., and Ferry, £. L^J. BioLCbem. 1919, xxxix, 35. 
ai) <Mboca«, T. B^ and Mendel, L. B., J. BioL CheoL 1017, xxxii, 309. 
m B«ik,P.B.,MbMk,aK^MdBv|dn,0,, Aa. J.Ph9^ 
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<mOWTH«FBOMOTINO VITAMIN (WATEBrSOLUBLE B) — CMmmI 



SeriM 


TeniNratafe aad tbM of hflftliiic 




Bflfennet 




Section I. Rats {Continued) 






D 

14 
16 

E 

16 
17 

18 

F 

19 

ao 

21 


120°, 15 pounds pressure, 20 mio. 

Extnust, navy batm 

120°, 15 pounds preesurei 30 min« 
Extract yeaat 
Soy bafta floor 

Extract, navy and soy beauL in pns- 

enoe of 0.1 N NaOH 
lao*, 16 potindi pramira, 40 nin. 
NMybMU 

SojbMiM 

Extiaeti soy bMH 


NooeaiiiMmDt 

n if 

Mttkad 
Nonenvvent 

<l M 

NOM^IIMMIlt 

<l M 
M ft 


Daniels and 
Meanil (17) 

McCkBgClT) 

Dnumnond (15) 
Cohen and 

Mendel (23) 
Daniels and 

McCtiifg(18) 

McConnm and 
Simmonds (17) 
Daniels and 

Mcanrg (18) 
Daniels and 

lMiifg(18) 


Q 

29 

23 


120*, 16 poonds pressure, 1 lir. 
WheiiU eQifaiyo, milk wfasy 

Extract, navy b«Miik in pwMPae of 
0.1 N NaOH 


M M 
«( <l 


McCoUum and 
Davis (15) 

Daniels and 
McCliiiK(17) 


H 

24 


120°, 15 poundi pnmun, U bra. 
Navy bean 


« M 


McCoUum, 
Simmonds 
and Pits (24) 


I 

26 


120% 16 pounda pressure, 3 hrs. 
Lean faeal, in piesenoe of 10 per oent 

Section 11. Yeaat etXL 




VoectUnand 
1^(12) 


J 

26 


120", 15 pounds ynmat% 80 min. 
Yeast extract 




Williama(26) 



(12) Voegtlin, C, and Lake, G. C, Am. J. Phygiol. 191^^19, xlvii, 558. 

(15) McCoUum, £. V., and Davis, M., J. Biol. Chem. 1915, xxiii, 247. 

(16) Drummond, T. C, Biochem. J., 1917, xi, 255. 

(17) McCollum, E. V., and Simmonds, If ., J. Biol. Chem. 1018, xxxiii, 55. 

(18) Daniels, A. L., and Mcaurg, N. I., J. Biol. Chem. 1919, xxxvii, 201. 

(22) Cohen, B., and Mendel, L. B., J. Biol. Chem. 1918, xxxv, 425. 

(23) McCoUum, E. V., Simmonds, N., and Pits, W., J. BioL Chem. 1917, nix, 621. 
(26) Wmiams, k. J., J. BioL CSmbi., 1919, nxviii, 486. 

Emmett and Linos (L o.) oompare the effeefe of tbe same food- 
stuff on polyneuritis In pigeons and on the rate of growth of xats, 
using unmiUed riee as the ezdusive diet for pigeons and the basal 
diet» supplemented with laetalbumin salt mixture, fautter-fat» and 

w 8m Qibsoa ead Concepdoq* fhiL J. 8oL 0, 110« 1814 
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lard for rats. They obtained evidence that the antineuritic vitamin 
(tested on pigeons) in unmilled rice is stable to heat at 120" C. and 
16 pounds pressure for one hour. It is partially altered by heating 
in the air oven at 120° C. for two hours, and totally destroyed at 
120* C. and 16 pounds pfeaeure in two and oz boon. The vitamin 
in eitractB ia more easily altered by heat Hie water-soluble B vita- 
min (tested on rats) in unmilled lice appears to be stable to heat at 
these same temperatures, that is» it is not distinctly or totally broken 
down. Whether this vitamin was slightly destroyed could not be 
definitely ascertained due to the lack of quantitative methods. 

Emmett and Stockholm endeavored to obtain further evidence 
on this point by using the Williams* method as a test for the growth- 
promoting B. Tests were made with unmilled rice, unheated and 
heated in the autoclave for 1, 2 and 6 honrs re^peftively at 120° C. 
and 15 pound? pressure. They found no indication that the factor 
which stimulated the growth of yeast cells was altered in the least by 
heating. When the heated rice was tested on polyneuritic pigeons it 
was found to be entirely lacking in antineuritic power. Normal 
rats fed on this licatcd rice gained in weight, although the gain on 
the rice which had been autociaved six hours was only moderate. 
It is noteworthy, however, that rats wluch have been brought to a 
low nutritive plane throui^ lack of B persistently lost weight on «k- 
tracts of heated rice (autociaved for two hours), while responding 
promptly to dosage with extract of unheated rice. This sugsests the 
possibility that the yeast-^tunulant is not identical with growth* 
promotiiig B, 

Much work remains to be done before this point can be definitely 
settled. Since, however, it would seem wise to keep in mind the 
possibility of the existence of two vitamins of the B type, we have 
endeavored, so far as possible, to indicate whether it h the antineuritic 
or the growth-promoting pnv,Tr of B which is t;iken into consideration. 

From autolyzed yeast Funk and Dubin were able to separate 
one substance active for yeast and another which was active for rats 
and pigeons, shrtwing that yeast requires for growth a different sub- 
stance than thut needed by animals. They regard the yer\st- active 
substance as a new vitamm or a cleavage proiiuct of vitamin B and 
provisionally call this substance Vitamin D. An almost quantita- 
tive separation of this vitamin from antolysed yeast may be made fay 
two suoceaeive •i>ftirii*cp with 100 grams of fuller's earth or of norit, 
per litre. The fuller's earth and norit are decomposed by baryta and 

w £mmett and Stockholm, J. Biol. Chem. 43, 287, 1920. 
M t, BioL (te. 4S> 437, 1031. 
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glacial acetic acid respectively, according to tiie metliod of Seidell 
and of Eddy and co-workere. Norit extracted with baiyta does not 
yield an active aubetanee. Vitamin D, according to Funk and Dnlna, 
appears to be a definite and apedfio eubetance atinnilating the growth 
of yeaat Atthougjb vitamin D has been obtained from vitamin B, 
as far as animal cKperimenta have shown, the reverse is not true. If 
therefore most animal tests conducted up to the present time were 
carried out, with a mixture of vitamins B and D it will be desirable 
to repeat these tests with the separate vitamins." 

Ccmsiderable work has been done by Freedman*^ and others in 
ascertaining the identity of the substance stimulating the growth 
of yeast cells and its relation to the prrov^-th of bacteria. Working 
with a strain of hemolytic streptococci and pure yc^ist cultures, Freed- 
man was able to demonstrate that beef anrl beef he;irt infusions, pep- 
tone and autolyzed yeast contained substances that are equally ac- 
tive with respect to the growth of these organisms. Certain specially 
prepared proteins such as casein, albumin, zein, fibnn, gelatin, edestin 
and orycinin apparently contain these substances which are active for 
baetflria. F^^ethnan beUeves these active substances to be similar tO| 
or identical with the yeast growth-promoting vitamin D** 

Pacini and Russell** apparently demonstrated the presence of a growth- 
proDMrting substance in oxtiaets of ouhuves of Baeittm typhonu. ThjStta also 
Acmed tint a favonUo infliienoe is flsterted on Bseflbit tn/ttwnmM li^ the addi- 
tion of sterile bacterial extracts to the broth in which the organism is planted.** 
On the other hand, Cooper has found that extracts of Bticillus eoli have no 
effect in relieving poljmeuritis in pigeons. Damon has endeavored to throw 
further U^t on tiie aubjeet hy feeding to rate the produete of the growlli of 
Bacillus paratvi^otm B, BciciUiu coli and Baoittm mAtSi; The adminifltntion 
of the bncfrria w;i? carried out in the fnllnranp; wnv; Thp orirnni^ms wnrr grown 
in flasks containing 100 cc. of the medium, then killed by autoclavint^ at 120* 
for fifteen minutes — a procedure that would not affect the vitamm content as 
hsa been demoDHCmted fay McCoUnaii, SinmionJs, and Pits.*' Hie eutture 

** 8m ako Bnviiett and Stoddiofaa, J. Biol. Gheni. 43, 2Sf, WO, 

The anti-beriberi vitamin and the separation of vitamin D axe **""*^ifH hj 
Punk (J. Inri. Fnp Chrm. 1921, lUO), 
Am, Food Jour. Oct. 1921. 

** In yeast there is present some constituent, soluble in 70 to d5 per cent al- 
eohd end sliU mora eohible In water, iriiidi* when added in aneil amounti to a 
fnwrttiim in which yeast is gioini, will increase the invertase activily of yeast to 
a remarkable extent (Miller, ,T Biol Chem. 48, 329, 1831). Thia aubstanoe, 
however, is not identical with the growth atimulaat. 

*• J. Bid. Caiem. 34. ^, 1918. 
J. Exp. Med. SS» mi. 

" J. Hyg. 14, 30, 1014. 

«• J. Biol. Chem. 48, 379, 1921. 

«T J. BioL Cawm. 99, 521, igi7. 
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warn then ooiuentnted by evapomtioo on the steam bath to about 15 to 90 eo. 
and finally the organimw were taken up on itanh by deaooation in a ihaUow 

pan at a reduced pressure. This starch bearing the bacteria was then used to 
replace an equivBlent amount in the basal ration and the effect of barteria noted 
by observing the trend of the weight curve. No indication was lound that 
watetHMiluble B ww formed by flte orgaairaia emnined. 

Suguira nnd Benedict** have suggested the possibility that milk 
contains still another aocessory subfstance which is lacking in yeast. 
They base this liypothesis on their obeervntion that a diet of bananas, 
casein, and yeast is entirely satisfactory lor growth and reproduction 
of rats but is not sufficient to permit of rearing the young, while the 
addition ul 10 cc. of cows' milk to the diet of the mother resulted 
in normal growth of the sucklings. The necessary addition could 
be obtained from " protein-free milk " ^ but not from purified Uetoee 
or the inorganic eonttituents of milk. 

*» Suguira and Benedict, J. Bid. Chem. 40, 449, 1910. 
« See pp. 9, 10. 
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ft6£B nr AUTJUTXOH 

Tn considering the part played by any factor in the nutrition of an 
aniranl it is necessary to distinguish between what is adequate for 
mamteoance and what is required for optimuia growth. This has 
been repeatedly emphasized by students of nutrition, especially in 
connection with protein metabolism.' 

With rt pard to the vitamins it seems clear that both A and B are 
required for maintenance and growth, althougli the relative amount 
necessary and the precise part played in the physiological processes 
an Btin vnaolved problems. The r61e of C, apart from its antiscurvy 
cffeet, IB also questknable.^ 

Tbe early eaq[)eriiiiei)terB bdimd that maintenaiice oould be aeeued 
on diets free from A, but this has since been shown to be a misconoep- 
tion.* McCoUum and Kennedy say: * 

Judgmg from the appearance of serious nutritional duiturbances ending in 
deatli, wbidi veiali from a diorttfls of tho &Unlid)lo A, and tiw omtoiilioii, 
mskseH, tad death ulueh folknr nstriottoik to a diet ^ladequate in its ooatent 

1 McCoUum, Am. J. Vhjaicl. 29, 235, 1911; Osborne, Mendel and Ferry, 
ZeilMlir. Fliyiiol. Cbtrn, 1919, 80, 807; Osbone tod Moadol, Oum, Pub. 188^ 

1911, Sci. 34, 722; J. Biol. Chem. 12, 473; 13, 232; 15, 311; 17, 325 ; 23, 439. 

Qanassini and Mancini (Bull. g6n. Th6rap. 171, 125 1920; Enf^ocrinology 
4, 457) express the opinion that the physiological role of vitamins is to regulate 
trophio axdiangee in qmefgie eoooeetion with the tfopiiie legiihtaiy funetioa 
of tbo pfoddflti <^ the glands of internal secretion. 

Pigeons on a diet devoid of vitamin B exhibited defeneration of the tu- 
bules and hypeiplssia of tbe iotemtitiAl tissue in the testis. (Novaro^ Pl^oL 
Abs. 5, 473). 

Ifuqr eaEpoiiBWiits on f^geons euxied out hy Oroea (Piiyaol. AIm. $, SOS) 
■hov thst tlie daily demand for the vitamin B is not definite, but varies with 

the exoRpnou? metabolism. There appears to be no reason to think that vita- 
min consumption la related to carbohydrate metabolism any more than that 
of fat or protein. Yitiinin B ii aleo required for tieno building. The tenn 
''vitamin indnc" i« used to denote the ratio of Titttnin ifaaoriied in difsetkn 
to the energy value of the dicjc'trd food. 

s Osborne and Mendel, J. Biol. Chem. 16, 428, 1913-14; McCoilum and 
Davis, 15, 168. 1913. 

> McCeUom tad Keanedy. X Bid. OhML H VO^ im-lO. 

m 
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of the w»t«r«olubIe B, h aeems oerUin thtt bo& tbeae daans of unknoim 

dietary constituents are p^'ential for maintenance as well aa for growth. . . . 
The fat-eoluble A appears to be dispeasable when maintenance alone j.s mvoK ed, 
for m woaunbtX loogier period than is the factor B. ihia la mi erred from the 
fact thaA pifeoot eu be brought iato the polyiMUiitie ttato by feeding » diet 
free from both the essential factors A and B. and can be completely cured and 
maintained in a normal condition for at least 35 Hay;? on the same diet which 
brought on the disease, plus the water extract of a foodstuff (rolled oats) on 
iihidi nti eumot grow without the eddition of bittlei4Uk but en whith th^ 
do pow whetL the letter ii added. 

Emmett and Allen * report that tadpoles require both A and B for 
normal growth nnd development, lack of B being poaaibly more appar- 
ent than lack of A. 

McCollum and Simmon ds " conducted n series of experiments on 
rats designed to show a quantitative diili rL'm e m the vitamin require- 
ments {A and B) for maintenance and growth. Their basal ration 
consisted of 18 per cent casein, 76.3 per cent dextrin, 3.7 per cent salt 
mixture and 2 per cent of agar-agar, to which was added varMno; 
amounts of butter-fat as source of A and of wheat germ as source of 
B, They state: 

Results indicate ih-\t there is no low plane of intake of either of these 
substance which can be said to maintain an animal without loss of vitahty. 
When the m i n i mum amount neoessary for the prevention of loss of weight 
ie appraeehed the life of the animal ii jeopeniiied if the diet ie eonthiued. A 
quantity of either the fat-soluble A or the water-soluble B which may be just 
sufficient when all other dietary factors are of satisfactory quality, will not, 
when a second factor is leas well constituted, induce well-being in the same 
degne ei wrhea a move generoni supply is fimiifaed. The enimal oea tolerote 
being limited to a very low intake of either tiie dietiiy A or B muoh better 
with en otherwise esBoeUent diet than when it is leis well eonstittttad. 

It is to be noted that Von Groer ' lias succeeded in obtaining prac- 
tically normal growth in two babies for the Erst six months of life 
on a diet almost devoid of fat^ and correspondingly poor in A, The 
ehildren wera not in a eatiaf actory nutritive condition, howover, aa 
was shown hy their auaoeptibility to iHnees. In any eaae (he experi- 
ment eannot be eonsideied an argument against the indiapenaability 
of A ainoe the cenlrifaged milk which fonned a large portion of the 
diet was not entirely free from A, and the experimental period repre* 

* Emmett and Allen, J, Biol. Chrm. 325, 1919. 

6 McCollum and Simmonds, J. Biol. Chem. 32, 185« 1917. 

* Vea Qreer, Bioeh. Z. 97, Sll, 1900. 

See Mackay, Biochem. J. 15, 19, UBl, end Toser, /h. 98« cn the effect ca 
Jdttene of a diet defident in lit. 
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aented only a very small fraction of the life span of a human being. 
There are frequent similar instances in animal experimentation of 
periods of growth on a diet which subsequently proved insufficient 
to maintain lifeJ 

It is generally believed that animals have the power of storing up 
a certain amount of ^ntamui lu the body from wiiicli they can draw 
in case of need, although this store is soon depleted when the food 
la entirely lacking in vitamins.' It is difficult to get direct evidence 
on this point, tince it is impoflsible to be sore that ft supposedly 
vitamin-flee food does not contain traoea of the eaaentiala which may 
be aufiSdent for the particular individual or species under conaidera- 
tion for a certain length of time, although long continuance on a tub- 
minimal supply eventually results in nutritional failure. Chick and 
Hunae* argued from the very close approximation between the daily 
ration of wheat germ or yeaat required to prevent the onset of poly- 
neuritis and the dose necessary to cure a bird in the acute condition, 
that a considerable store of B is available somewhere in the animal 
body which may be drawn upon to maintain the metabolism of the 
nerve tissue. This store becomes suddenly exhausted, but can be 
temporarily restored by the administration of a small quantity of 
the missing factor in the food. McCarrison** judged from their 
atrophy, out of all proportion to other tissues during vitamin starva- 
tion, that the thymus, the testicles, the ovary, and the spleen provide 
a reserve of accessory food factors for use on occasions of metabolic 
stress. This reserve is, however, rapidly exhausted. Osborne and 
Mendel were fonnerly inclined to believe that young animals main- 
tamed a store of A m their cells on which th«y could grow for a time, 
but later ^* experience has not led to definite confirmation of this 
hypothesis. With regard to C, the work of Parsons,^* referred to 
below, would seem to indicate that this is more probably synthesised, 
by obtain animals at any rate, rather than stored in the tissue to 
any considerable extent.** 

Food with a low vitamin content fed to cows has a deleterious effect 
on the offspring and according to the observations of Hughes, Fitch 

T MeCoUam aad Davit, 1. Biol. Chem. 38, 233, 1915; Otbonie and Mea- 
del, Ibid. 45, 148, 1920. 

« Litmiere, Par ^^^d 10, 474, 1920, diascnte from this view. 
» Chick ;iiul Hume, Proc. Roy. Soc. 90B, 55. 
!• Cooper, J. Myg. 12, 436, 1913; Bioch. J. 8, 250, 1914. 
u McCsrriwm* Ind. J. Med. Ret. 0, 376, fifiO, 1917. 

OtbORie and Mendel, J. Biol. Chem. 15, 319; 10, 143. 
" Pariont, J. Biol. Chem. 44, 587, 1920 
^« Otbome and Mendel, J. Biol. Chem. 44, 148, 1920. 
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and Cave,^** in snmf cases calves nursed on Bubstntircs deficient in 
vitamins become blind. In one test four calves were under observation. 

Two were from cows which had novved a feed low in vitamin during the en- 
tire gestation penod ; the other two were from cowg which had received normal 
feed. During the first week the two calvee from the experimental cows received 
their tnoliien' milk. At this time one of theee eowi died and her calf was then 
given the other experimental cow's miUc. The two ealves from the cows Teeahr* 
ing normal feed were fed on herd milk exclusively. All four calves wore mutrles 
so they could get no other feed. All the calves seemed to be normal for the first 
five weeks, at which time one of the caivcs receiving the experimental milk be* 
came blmd. It died when it wae focly-two dayi old, ahowing nerroiia ^srmptoms 
very much like an animal with beriberi. The other experimental calf became 
blind v,-hen seventy-eight days old «ind died ninet^>en days later with ?n'mptoms 
like the first. A calf from a cow receiving normal feed was placed on the ex- 
perimental milk at the time the first calf died. It did not become blind but died 
at the cad of nineteen weeks. The two calves receiving the herd milk were stiU 
normal after a period of eight months. The vitamin content of the feed received 
by the experimental cows and the milk they produced has been te.<it<>d by ex- 
perimental animals. The milk is much lower in its water-soluble and fat-soluble 
vitamin eontent than liie herd milk, but ia equal to the held milk in its anti- 
seoibutic vitamin content. The experiment shows that although a oow receiv- 
int? fi frr-l low in vitamins may give a fairly abundant supply of milk, it IB of 
such poor quality (hat it is not an ad^uate food for her young.^^>> 

Hie qiiegiioo of how far the results obtained from observation on 
one species of animal can be used in drawing condusionfl aa to the 

requirements of ano^er species has already been considered briefly.'* 
Unquestionably there are certain diflferences between the different 
species in this respect. McCollum and Kennedy " assert that the 

maintenance requirement of pigeons for A is less than the growth re- 
quirement of the rat. On the other hand, Stccnbock, Kent and 
Gross found that the requirements of birds for B were far greater 
than those of the rat. 

Am. Food .Tour,. Oct., 1921. 
i«t> Hume (Biochem. J. 15, 103, 1921) carried out an investigation on the 
antiscorbutic valua el fuU eream sweetened Modenied miOc Full oream milk 
was heated in a veseel with oontiituoua inflow and outflow at a tempnatuie of 
80* Cl The milk remained at this temperature for about three and one-half 
Oliliutea. The sugar was next added, and at this point there was aocen of air. 
The milk next passed to a vacuum condenser where it boiled at about 50* for 
8 houn and wee drawn off after it paand a oertaia Tisoosity teet. It wae fhea 
cooled in bulk, and here again it was exposed to the air. The expeciBMBte in* 
dicated that there is no loss of a'ltiTorbiitic potency in thi'' condensed milk. 
The r^ult is attributed to the fact that the milk is concentrated in vacuo. 

1^ rhnpt€r 2. 

i« McCollum find Kennedy, J. Biol. Chem, 24, 497, 1915-16. 
» Steenbock, Kent, and Qroea, J. Biol. Chem. 35, 61, 1918. 
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The most Btriking difference between the species would seem to 
lie in the antiscorbutic requirement. The ease and rapidity with 
which scorbutic symptoms can be produced Id a guinea pig by a diet 
defident In C shows remarkable susoeptibility to this lack. Man 
and monk^s appear to be almosfc equally dependent on tlue faetor, 
while rate eaa be grown and maintained over long periods without 
any appearanee of soorbutie (qrmptoms on diets which eontain too 
liAAle antieoorbutie, if any, to have any effect in delaying the oneet 
of scurvy in the guinea pig, and the requirement of the prairie dog 
apparently resembles that of the rat in this respects" 

Harden and Zilva and also Drommond^* have concluded that 
this independence of the rat is appazettt rather than real, since rate 
supplied with orange and lemon juice in addition to a diet containing 
A end B were distinctly better nourished than those to which this 
addition had not been given. With reference to this consideration, 
Osborne and Mendel *" suggest that the fruit product fed as a supply 
of C may have functioned merely as an additional source of B, which 
is present in such products, and thus promote the rate of growi,h by 
the increment of a factor other than the antiscorbutic. Improved 
growth in rats has been observed when the supply of vitamin from 
yeast was increased. Without a demonstration that more yeast, 
which is not regarded as an antiscorbutic, or some other source of B 
should fail to accompliflh what is claimed for orange juice added to 
yeasti the condumon of Harden, Zilva and Dnmmiond is not con- 
vincnng. The recent work of Parsons'^ casts new ligbt upon the 
question. The curative effects of feeding rat-livers to guinea pigs, 
which had developed scurvy, were investigated and this material was 
found rich in C. Practically no difference could be detected in the 
antiscorbutic content of the livers of rats which had been kept on a 
diet devoid of C and those which had been given orange juice to 
supply this factor. Parsons states: 

It aeeiiu entirely improbable that the presence of this factor in the bodies 
of these animals shoulH ho ri( i T lf vilal, especially since the amounts in the 
bofiiTO of the two =pts' of tuL-' approximate each other so closely. A synthesis 
of tius factor is mdicutcd, both by these results, and by the excellent growth 
fl&d repradttfltion obteiiied in lats fay the feeding <tf TBtioos ... in iHiidx 
no constituent has been shown to allay scurvy ^Tmptoms in the guinea pig. 
Closely allied to this hypothesis of a eyntheais is the possibility that the rat 
can utilize some shghtly different inaotive forma of the antiscorbutic substance 

M McCoIlom and Parsons, J. Biol. Chem. 44, 603, 1920. 

» Harden and Zilva, Bioch. J. 12, 408 1918; Drummood, Ibid, 13, 77, 1919. 

so Osborne and Mendel, J. BioL Chem. 41, 654. 

n wuMuh J' Bid. cam. 4i Of, im 
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into which the active form pcrhape might pass on aging, dn'inc:, or through 
some other condition, and from which it might be rapidly clianged in 8\ich. 
pl^aiological processea as the sproutmg of eevdii. An alternative ezpianation 
it that the nft has » rwy definite food nquinment for tlw antiaeoiiratio faetor 
bat that thia ii quantitatively very small in eonqMrison with the requirement 
of the piinea pig and has been met in this experiment by the content of the 
soy be&a rations used. . . . Some oomititueat of tiiis diet might presumably 
eany a mffiflient quantity of tiw aniaaooilmtae fMtor for the lequtaiant of 
the latp but escape detection in the light of tibo much larger requirement of 
the piinra pip But if this explanation is accepted it is mirprising to find such 
an abundance of the factor in the bodies of the rat«? fed on the scorbutic «oy 
bean diet. It would be iogic&i to assume that an extremely small requirement 
for a food faotor would not neoesntate the proeence of a relathn^ laiie eupplr 
of that faotor in the body of the animal. It is conceivable tiiai tho lai baa 
Rcquirpd not otily a lowered requirement but also a phenomenal capacity to 
store the anUscorbutie substance through a biological adaptation to a food 
supply which over long periods of time ia Tory deficient in tiiia ■ubetamoe. 

In this coimectioii note should be made of Funk's experiment,'' 

in which the e>i:ract of ti«?ues of birds which had been killed in the 
l&si stages of polyneuritis were found to be as efficacious for the 
cure of this disease as tissue-extracts from healthy birds. 

Preliminary experiments in an investigation amied to test the com- 
parative amount of antificorbutic substance in eggs and in newly- 
hatched chickens appear to give some additional weight to the ])r()b- 
ability of u synthesis of antiscorbutic substance by certain animal 
tissues, or a utilization of forms other than those available to the 
guiiiea pig. 

The qieeific dinftaaes known as the "defieiency diseases" wbiek 
result from prolonged restriction in or complete deprivation from 
Titamins are diseUBsed in detail elsewhere. Here it is sufficient to 
f^mimfniff^ the sympUjsns which have been observed in animals and 
human beings as the lesult of limitation in the vitamin content of 
the diet 

The most obvious s>Tnptoms of deficiency of A shown by young 
animals are iaek oi growth, diminished appetite, decline and wasting 
of the tissues to emaciation, sometimes accompanied by dianhoea, 
weaknen, ladL of resiBtanoe to infeetioa and diseaae, and ultimate 
death.*" An inflamed condition of the eyes is veiy oommooly re- 
ported (for discussion see p. 234 and ff.**). 

n Funk, Zeit. f. PbysioL Chem. 373, 1914. 

*• OsbofiM and Mendel. J. Biol. Chem. 18, 481; 17, 401, 1914. 

M Drununond, Lancet, 1918, ii, 482; Bioch. J. 13, 95, 1919. Osborne Mid 
Mendel, 879, 1916. See alM> Steeabock, SoL Monthly, 7, 179, 1918. 
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Mellanby,-^ while not denying the ncces?!ty of A for growth, believed that 
the amount of growth of a puppy haa no relataou to the amouut of A in tlie 
diet, alUMnigli » mall mininui auMNiiit nay be neoeaeuy. He aotee tlie poe- 
sibility that puppies have a mflki«it store of A in their own tiMtiee to allow 
of growth for several months independently of what may be in the diet. 
" Large and rapidly growing puppies require more of the antirachitic factor to 
pieveut zioketo If, therefoie^ lliii fiMtor ia identical with A, tiie pnmmpUon 
la liiat the function of il in the diet of puppieo ia not ao moeh to enauxe powtii 
Bs to promote rorrect growth; nnd the greater the amount of growth in any 
period, the greuU r is the amount of fat-soluble ^4 necessary to krpp it along 
normal lines. Xi this view is correct it can hardly be claimed that ^ is in any 
diiferent catafoiy from the point of yiew of grawtfi than ia Ihe antiaaoilMitie 
factor, for even in the absence of this latter the rate of growth ^WmmiA— ^ad 
there ia often lai:^ loaa of weisht."'B* 

Davis" has Ciiiried on u bcncs of long-time experiments in which 
several generations of rats were kept on a diet deficient in A. The 
ralioD lued eonaiiked of cnuhed oate, polished rioa and flkunmed milk 
ad libitum and a limited amount of cooked potato and egg white. On 
this ration the half *grawn males grew at 80 to SO per cent of the 
normal rate for three months. After a period of maintenance they 
became emaciated and died. None lived longer than ei^t months. 

Most of the females reared one litter and a few reared two on the ration. 
All but three of the litten were bom ia the first two montha. A aeocnd litter 
of four young was bom when the mother had b een 148 days on the ration. A 
female from this lot reared a litter of two young. She was 135 days old at 
parturition, which made 283 days since the beginnmg of the experiment. When 
the young were 85 dagn dd they were diaeontinued. Thia made 906 eonaecutive 
days for the three genemtiona. Diatended abdomens were conspicuous in all 

of the young born on the rp.*ion Tn somn cn^p this d;>appr.:irt'd after four to 
five months. Xerophthalmia wlm h Osborne and Mendel and also McCollum 
and Sinimonds have reported in the absence of the fat-soluble vitamin ap- 
peared At four to five montha in the rata bom on the ration. In leaa than 90O 
daya all of the animals had either died or were ddorofomed in an emaciated 
condition. In the litter of 11 young of the second generation bom on the 
ration, in addition to the distended abdomen, and xerophthalmia, small haemor- 
ffaagic spota appeared on the taila, and when they wm about 80 daya old the 
end of the taila dropped off. The eyea were pale and a Uood count ahowed 
4,000,000 to 5,000,000 red blood cells in contrast to a normal count of 8,000,000. 
A post-mortem examination of the rat^ put on tiie ration as well as those born 
on the ration showed tlie stomach and intestines filled with gas, the intc^tmes 

w Mellanby, Lancet, 1919 i 407. 

«M Attention is called by Potter (Intern. J. Pub. Health z, 86, ld20; ^xpt. 
8ta. Record 44, 02) to the apparmt divenily of opiniona and eapertmental 
facts in recent contributions to the literature of ▼itamina and to the pOMbtlity 

of harmoni^ino; «ome of these divprHtie^. 

Private communication, 1^. See alao Davia and Outhouae, Am. J. Dia. 
Child. 9X, a07, 1921. 
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dull and brown, and no introperitoneal fat vioible. Autopcy of the second 
■eoentUMi b«ni on tbe latioD rev«alad "nry maxkad mmwiiift. The hniii wm 

white and the liver and kidneys were sand color. The boDM iwvtt Ttty fingils. 

There was no apparent beading of the ribs. 

A histological examinatioa wan made on rats from most of the litters. The 
orgmiw examined were heart, spleen, liver, lung, pancreas, kidney, and teitWt 
The tissues were removed immediately at autopsy and fixed in Zenker^ fluid, 
inxbeflded in paraffin, cleared m xylol, and stained with haemotosrN'lin and eosin, 
a stain which gives only the marked differences. The examination showed that 
there were very few changes m tlie tissues on this ration. The heart, pancreas, 
liver end testet remuiied noninl in most OMet. Sli^t diaagee were found la 
the kidney and iploeD. Congestion and dmnic inflammation was freqpMntlsr 
found, indicating, in ;ill probability, a siecondary infection, although an effort 
was made to discard without micro-scopical examination all those which gave 
evidenoe of infeetiaHi of tim raepiratoiy tract. Hie qileeii diowed very sUght 
ehaBgeB. There ma oangertioii with frequent dilation of venoue einuses. In 
some the conge.«?tion wa.% so marked aa to ma.sk the atnicture. Necrosis or 
degeneration of t^plenic rptieiilum was not obser^-ed There seemed to be no 
relatiootihip between the degree of congetition and the duration of the experi- 
ment. The main finding in the kidney ivae ekmdy awdling of the pemiahyuia 
of the collecting tubukt. Thie was more nuutod In the tiamiM of the second 
generation bom on the rutinn An nlhnminous precipitate was present in the 
tubules of some. Coogestioa also was found. In places the oella of the tubules 
nppenred dkdetonixed, and tbe glomerular tufts slightly shrunken. The liver 
appeared normal in all eases. Necrotic smd degenemtive ehunge^ were afaOHlt. 
In one lot there was a total absnoe of red Uood oells. Otherwise the stnwturs 
was normal. 

Dnmniond, Emmett and Allen'' had previoiuly reported tbat 
they could find no outetonding pathological effeeto fram deficiency 
of ii. 

It has been Buggestod that Uie so-called " war oedema " may be 
due to lack of vitomina; and there ia evidence which seems to indicate 
that the vitamin A may be the factor involv«d,** although Madscn 
was inclined to regard this disturbance as a rudimentary fonn of 
beriberi. 

Hess, McCann and Pappenhelmer *"* fed young rats a diet com- 
plete except for a lack of the fat-soluble vitamin. They invariably 
failed to grow and generally developed keratitis. The keratitis de- 
veloped less frequently when the ration included orange juice. 
If this diet is continued for a period of months the animals die, either 

" Drammoiid, Bioeh. J. IS, 9B; Bnmiett snd Allen, Pros. Boo. Biol. Ghem. 

J. Binl ri em. 41, iii, IWO. 

McCarrison, Ind. J. Med. Bes. 0« 660, IS19; Biglaad» Lancet, iflao, 
1, 243. 

» lladsen, Ugesk. f. Laeger, 80, 613, 1918. 

**• Rosa, McCana and PippoalwlBMr, J. Biol. Chan, 47, 1981. 
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of inanition or, more often, of some intercurrent infection. Tlic skele- 
tons of such rats show no gross changes whatsoever. Microscopic 
examination of the bones of twenty-two rats on a ration of this char- 
acter presented definite signs of a lack of active osteogenesis, but in 
no iDitaiioe lesions resembling rickets. In view of these results and 
their eonfomilty with previous experience in regard to infantile 
rickets, Hess, McCann and Pappenheimer aie of the opinion that 
this vitamin cannot be legaTded as the antirachide vitamin, and 
that^ if the diet is otherwise adequate, Its defioienqy does not bring 
about rickets. 

Harden and Zilva*° fed monkeys on a diet free from A and low in fat, 
but oomplete is all other raqMOls. Of time monkeys one died, ibowiDg signs 
of malnittrition and very emaciated ; while a aeoond lost weight and diqiliyod 

symptoms of of lLMna 289 days aft* t the experiment liad been eommeneed. 
McCarrison has obser\'ed that oedema is invariably associat'Cd with massive 
enlargement of the adrenals in pigeons fed on autoclaved rice, and that fresh 
butter contains some substance ipfaidi tends to protect against oedema, and 
wfaiob was not present in a coconut oil. This hypothetical substance appeals 
to exert its protective action by maintaining the adrenaline content of the ad- 
renals at a low level. Butter is richer in this substance when cows are fed on 
green fodder than when fed on dry fodder. 

Kohman ^ discounts the influence of vitamins in the etiology of 
oedema and asserts that a combination of low calories, low protdn, 
and excessive fluid intake is sufficient of itself to produce symptoms 
corresponding in all respects to those of war oedema." 

The relation between lack of vitamin B and the nervous disorder 
known as beriberi in man and polyneuritis in the lower animals is 
well recognized, but it is very probable that this acute stage is much 
less serious on the w liole than the less obvious disorders which may- 
find their origin m the same cause. McCarrison,'^ who has made a 
very extensive study of the results of deficiency in this factor, asserts 
that complete abeence of vitamin B from food is of less practical im- 
portance from the point of view of the production of disease in human 
beings than its subminimal supply. The former leads to rapid dis- 
solution and death, the latter to slow dissolutioD and disease, 

w Harden and Zilva, Lancet, 1919, ii, 780. 
«i Kohman, Am. J. Fhy&iol. 51, 378, 1920. 

•I See alao BigtsBd, Laiue«» IttO^ L 948; Moaries, 96^ SBO. and Mayw. 

J. Am. Med. Assoc. 74, 931. 1920. 

" McCarriaon, Ind. J. Med. Res. 6, 375, 550, 1919 ; 7, 167-326, 633, 1920; 
Brit. Med. J. 1919. 1, 177; II, 36; 1920, 1. 249 ; 822; II, 236; Proc R<qr. Soc. 91B, 
108k 191»-20. 
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Biiggcstins: perlmp? some explanation of tlie j^^roai mass of ill-dttined 
pMstro-intt 4inal disorders. From his observiitions, involving detailed 
post-mortem examination on some hundreds oi pigeons, and from his 
clinical experiencei McCarrison has been led to draw the following 
conclusions: 

" The abeence oi certain accessory food factors, improperly termed 
' antineuritic/ from the dietaryi leads not only to fimetional and 
desenerative changes in the central nervous system, hut to similar 
changes in every organ and tissue of the body. Ihe nunfoid state to 
i^ich their absence gives rise ia noi to be interpreted as only neuritis. 
The observed effects are due to chronio inanition, derangement of the 
function of the organs of d^^ion and assimilation, functional dis- 
turbance of the glands of internal secretion, malnutrition of the nerv- 
ous qrstem, and hyperadrenalinemia. Certain orgsns undergo hyper* 
trophy, other atrophy." *** 

TboM whidi atrophy, md in order of wtm/tity nsaiBd, am thynras,** Uih 

ticlea,"* spleen, ovary pancreas, heart,*^ liver, kidnesrs, stomach, thyroid** 
and hmin. The pituitarv gland afaoired in aduli birdi a diifat teadaicy to 
enJargement in males only. 

Funk and Douglas report that a iaxige number of the aecretoiy cells of the 
I^ttiitaiy gtaad am deilNQred. The anlaiKemeat of the tdnaala is a true hyper* 
trophy in so far as it is associated with propartiooal increase of the adrenaline 
content of the gland .^^ The quantity and quality of adrenaline in the hyper- 
traphied oisan is, area for area, approximately the same as ihtA found in the 
adrenab in health. The hypertrop^ ii equally well marlrad in both isne. 
HcCarritoii found ^t oedema was invambly aeoompanied by great hsrpeP- 
trophy of tho adrenal glands, while 9,5 pf^r rpnt of nil rn.=T"^ harinc: creat 
hypertrophy of the?p organs had oedema in some form. The amount of atlrona- 
Lne, as determined by physiological methods, m such cases haa been coosidcr- 
abbr in eioeai of tiiat found in oeiea not pnninnting this flgrmptom^ and greatly 

Osborne and Mendel (Proc. Soo. Exptl. Biol. Med. 17, 46, 1919} con- 
ducted experiments on rats in whose diet fruits and fruit juices furnished the sole 
■ouroe of Titamin B* Mora than S g. per day of freah applee and pean avert 

the characteristic decline in weight observed where vitamin-free diets devoid 
of this vitsmin are used. Fruits are too bulky to permit the feeding of more 
than 10 g. per day. Ten c c of orange juice per day suffice to promote con- 
eiderable growth. The inner peel of tiie orange apparently oontaina both kaade 
of water^dluble vitan^ 

See also Emmett and Allen, Proc. Soc. Biol. Chem. J. BioL Chem. 41, 
liii, 1920; Funk and Douglas, J. Physiol. 47, 475, 1914. 

gee also Dutcher, Proc. N&t, Acad. Soi. 6, 10, 1920. tiee abo Funk and 

Doni^hn, L o. 

See also Funk and Douglas, L e. 
»T See al?o Dutcher, Proc Nat. Acad. Soi. 6^ W, 1820. 
M gee also Funk and Douglas, 1. 0. 
** See alto Enmiett and Allen, L 0. 
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in exeeas of that found in nonnnt ftdrenftb. bianitian giTM rae to ft omilar itato 

of adrenal h3rpertrophy and to a similar state of atrophy of the other organs, 
the brnin itself possibly excepted. The oedeuia of inanition and of beriberi ia 
beljeveU to be initiated by increased production of adrenalin, acting in associa- 
tion with malnutrition of the tissues. Failure of circulation and venous ttaaiB 
may nibsBquently contribute to it^ and iflo to an importaat factor determiniDg 
its occurrence. This finding is held to a<»»unt in a great meaauie for the occur* 
rence of war oedema among priaonen of war in Oermany. 

Gutric, intestinal, paocieatic, and biliary inmiflfieiency are, accord- 
ing to M cCarriioOf important eoneequeneee of a di^ too rich in 
starch and too poor in vitamins and other essential conslitaeiits of 
the diet. A state of acidosis results from the absence of so-called 
antineuritic vitamin, which state is due to imperfect metabolism of 
carbohydrates and to acid fermentation of starches in the intestinal 
tract. Chemically it is evidenced by progressive slowing and deepen- 
ing of the respirations. He suggests that some of the obscure meta- 
bolic disorders of childhood be ex:miined from this point of view as 
well as from that of starvation of the tjlands of internal secretion. 

Great atrophy of muscular tissue results from a deficiency of acces- 
sory food factors. McCarrison holds that this is due, in part, to 
dirituibance of carbohydrate metabolihiii in t unsequence of disordered 
endocrine function, and in part to the action of the adrenals in supply- 
ing blood to the vegetative organs of the body at the expense of the 
mnscles« Hie central nervous system atrophies little; paralytic 
symptoms when tbey occur are due mainly to impaired ftmctional 
activity of the nerve cells, much more rarely to their degeneration. 

Pigeons on a diet of autodaved mill^ rice (deficient in both. A and B) 
■howed oongaative and atrophic i*iF'Bf ia all eoatc of the bowel, Icaioofl of ite 

neuro-muscular mechanism, imfiainnent of digestive a^imilative processes and 
failure of its protect! vp resources against infection. Great ^n-^'^^ptibility to 
various septicaemic and tuberculosis infections were also shown. McCarrison 
suggests that certain gastro-intestinal disorders in the human subject (e. g. 
mueoiia dieeaaB, cdiae diaeaae and dironle intestinal stasii) may owe their origta 
to subminimal cupidy of aooeasofy food factois protracted over long periode 
of time. 

Since both inanition and a diet too rich in starch and too poor in 
vitamin lead to depression of biliary, pancreatic, and gastro-intestinal 
functions, it follows that if these functions are exposed in addition 
to toxic or bacterial infection their depression will be manifeetly 
greater. The many toxic influences to which human beings are sub- 
ject under conditions of food deficiency must pUy an important part 
in further depressing these organs and tissues on which noimal 

McCarrisoiv Brit Ifed. J. 1919, n, 99. 
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metabolkm are dependent. That abnormal putrefaction in the in- 
testine actually exists in beriberi is shown by the increased indican 

content of the urine, The toxic products of the intestinal bac- 
teria or parasites may thus assume a role of high importance in the 
genesis of morbid states which were no doubt initiated by the dietetic 
defect. Vitamin dt ficiency renders the body very liable to be over- 
nm by a rank growth of bacteria/^ 

Monkeys fed on a diet of autoclaved milled rice, with or without the addi- 
tion of butter-fat. died within two or three weeks, death being more rapid in 
the group given butter-fat than among tho^ fed on hce alone. There was no 
widanoe of polyneuritis.*' the qrmptoms noted being progrenive anaemia, 
gMtn^inteBtmal disoideis, and profmrivo Mtbenia. The fltoniMli and ab- 
dominal walls were greatly thinned and the whole gastro-intestinal tract .showed 
cong^tive, necrotic, and inflammatory chanpcs, with degenerative chf»nj?e'i in 
the neuromuscular mechaniam, leading to diiauou of the stomach and balloon- 
ing of areas of the jateatine.'** 

This also points to the conclusion that dietaries which are deficient 
in vitamins and protein, and at the same time excessively rich In 

starch or fat, or both, are potent sources of disease, and especially 
of gastro-intestinal fliHp:l^•p An cxoess of fat, in association with a 
deficiency of B vitamin and protem and superabundance of stareh, 
is peculiarly harmful." Under such conditions the invasion oi the 
blood and tissues by bacteria is greatly favored. 

OHf?rn-3tion? vr>rv similar to thoee of McCarrison were made by Emmett 
and Allen on ruts which had been deprived of B. The various tissues ex- 
amined hiatologically were: Thymu8, thyroid, pancreaa, testes, ovarieti, adrenals, 
liver, spleen, ilium, eoton, Udnegri, heart, limes, bmin, optica, bnier ocfd, sad 
teislie nerves. The most noticeable changes were found in the shnost OOUi- 
plete atrophy of the thymus; hypertrophy of the adrenals; pasdve coneoation; 
fatty infiltration; and at times fatty degeneration in the liver** and some 
•Uophy of muade fiban itf the heart, hk sdditaon timre «ss more or kss pes* 
aive eenfeatiai in the panmas, mileen, iliiun, eolon, Iddnegrs, and hmgs. 

Vezar and Bogel,*' in studying the effect of various accessory food 
materials, found that the alcoholic extract of vitamin B from bran 
gave a marked vasoconstriction, which was, however, not obtained 
with au uqu^us extract of liie same material, and which was there- 

« See also, Drummond, Bioch. J. 18, K, 1919. 

** But compare Gibson, see p 207. 

«« See also Hewlett and de Korte. Brit. Med. J. 1907, 11, 201. 
See alao aonnett and Allen. J. Bid. Chem. 88, 885, 1819. 

«s Bmmett and Allen, J. Biol. Chem. 41, liii, 1920. 

*• See alao Funk ^nd Douglas, J. Physiol. 47» 476, 1913-14. 

«r Veaar and Bogel, Bioch. Z^ta. 108, 1820. 
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fore probably due to something otlier than vitamin B. Similarly, 
extract of A from butter gave a vasodilation, but the same ctTcct was 
obtained from aqueous extract of butter, which renders it improbable 
that vitamin A was the potent factor. 

Atrophy of the eexiial glands as a result of vitamin deficiency has been 
noted repeatedly,*" and would account for the sterility frequently observed 
among tamth t» a defidtnt dwt>* McCaniM«*<> says: '^Profound atrophy 
of the rqpfodiielive Mians is u impoitaiit ronwiquMmcia of Titamin chfietancy. 
It leada to cessation of the function of spermatogenesia. In the human subject 
such dcprces of atrophy would result in j^tcrility in the males and in amenorrhea 
and sterility m the females. This hnding is held to account in great measure 
for tin ooeumnM «f "war amenonlkea." Li tiiia oannaetian it miy be noted 
tiiat Miles has reported a case where 24 young man kept for four months on 
a restricted diet xcuwrted ihthiHit ezoqytion a pronounoed reduefeioa of sexual 
instinct. 

Dntdicr and Wilkins have observed that the testee of ooekerels 
did not develop on a diet of polished rice, but when the rice was sup- 

plemcnt^^d with small amounts of green alfalfa there was no atrophy 
of the testee and when alfalfa was added to the diet of cockerels which 
had been on a rice diet for 36 days the atrophied testes began to 

increase in weight That the obser\'ed atrophy is not merely the result 
of general inanition v.as indicated by its appearance while the birds 
were actually increasing in body weight and by the small amounte of 
alfalfa necessary to produce improvement. 

Madsen " sueeests that a lack of vitamins is a factor in chlorosis, 
anemia, neurasthenia, and vasomotor distuibanc^. This is borne 
out by the btutemeut of McCarrison (I. c.) that the red cells of the 
blood are diminished by about 20 per cent after a period of vitamin 
defieiencQT* 

Mattill states that the total solide, uxea and non-protda idtro- 
sen of the blood are nonnal in rata deprived of B, while the creathiine 
is at the fasting level, and the creatine slightly hii^er than in fasting 

Funk and Douglas, J. Physiol. 47, 476, 1913-14; McCarrison, L e.; 
Wilkins and Dutcfaer, 8eL 52, 303, 19B0. 

Drammond, Biooh. J. 12, 85, IMS; Abderhalden, Arch. gM. Fl^iid. 178^ 

187, 1919. 

w McCarrison, Hi it Mrd J. Feb. 15, 1917. 

•1 Miles, J. Ner\'. and Ment. Dis. 49, 208, 1919. Sec alao Reynolds and 
Ifacotnber, J. Am. Med. Ama, 77» ini, on defeoCive diet as a eauss of 

Stt'n'Hty. 

' Butcher nnd Wilkins, Am. J. Physiol. 57, 437, 1921. 
" Madsen, Ugeak. f. Laeger, 80, 613, 1918. 
MattUl, Sd. Aug. 26. 1921, 176. 
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In addition to its antineuritic properties vitamin B exerts a pro- 
nounced effect on growth.^' Paraliei with increased growUi is 
markedly increatjed appetite. 

Dnunmond " noted that the food consumption of rats fed upon 
the deficient diet is low, being in all probability reduced to that suf- 
ficient to supply the calorific rciiuirements of maintenance, and adds 
that an increased iood consumption may be brought about by addition 
of flavoring agents, sueh as meat extracts, to the diet, but unless 
this agent contains the watsr-aoluble substanee it causes no increase 
of growth. "Addition to an inadequate diet of eitvact containing B 
causes greatly increased food intake, immediately followed by growth. 
Hie amount of growth is, within obtain limits, proi>ortional to the 
amount of accessory substance added, provided the diet is adequate 
in other respects. There is evidence that the length of time a rat is 
able to maintain himself upon a diet deficient in water-soluble sub- 
stance without suffering serious loss of body weight is directly propor- 
tional to the age at which the restriction is imposed." 

Osborne and Mendel ^ remark in this connection: 

If for any rewon the food int&ke falls below the normal, the amount of 
vituain oonnimed likswuB falb^ with the effect of imiNurhig tin oooditioii aad 
futtfMr ledueing the food intake. Thus the influence of the vitamin ia con- 
tinuously dirainishinK; and con«^equently a!po the food intake. Whether the 
water-solubiL' .ity.min simply mcrcaaes appetite and hence promotes growth, 
or whether it aupplies some essential chemical factor which renders growth poe- 
Bbk flumot be detennined by any data lieratofoie leoofdad. The fMt lemein^ 
however, that the additien of vitamin to a ration containing too little of this 
factor 18 fol!owo<l by a very marked increase in food intake with accompanying 
rapid gain m weight. On the other band, loss of weight on vitamin-poor diete 
almiMt invariably precedes a leeBoaed intaks of food. Tliii a ugg ee to tint tiie 
impaired health of the animed is duo to insufHciency of an essential food faty 
tor rather thrm to an insufiBcient quantity of food. Convcr-ely, when the witer- 
soluble vitamm ia increased in quantity, after a decline on n vitani in-poor 
diet, the incr^ised food intake which follows is perh&i>s due to an improved 
phyaieal eooditioa canNd bgr tfao Titamin, for the foinltiiig tepid leeoivety in 
body weight uniflt UMOMri^ bo aooooipiDiod by a *«"* T****^**t¥ pester 
food intakOb 

Hopkins" is of the opinion that the desire for food is a conse- 
quence of i^e increased food requirements due to the laying on of 

ct diiounioii at to wkeHier there an one or tivo vitaaiiis xwdlved hare 

see Chapter VIII. 

w Drummond, Biocb. J. 25, 1018. 

»• Osborne and Mendel, J. Biol. Chexs. 87, IM, 1919. 

M Hopkins, J. f hysioi. U, 412. 



176 



VITAL FACTOBS OF FOODS 



new tissue. Little as we know in detail with regard to the factors 
(other than aesthette ones) which control appetite, it is phyaiologl* 
caUy ajdcmatic that the rate of the metabolism and, in immature 
animalB, the rate of growth, are of fundamental importance in deter- 
mining the amount of food that a healthy animal will in the limg run 
voluntarily consume. What in this sense is a diminution of appetite 
deteimines the diminished relative coDsumption of food observed 
when a small animal grows larger; the proportionate rate of metab- 
olism and the relative velocity of growth are both diminished in the 
larger animal, and the consequently lessened demands are, under 
natural conditions, followed by a smaller relative consumption. 
A,gain, while the young animal eats sufficient for growth as we^l as 
for maintenance, the adult is content with an intake sufficient 
for maintenance alone. It may be argued that the voluntary intake 
is directly affected by the presence or absence of the grov^'th impulse 
in the tissues; but it appears more likely to be the actual occurrence 
of the growth process^, the laying on of new tissues with its own 
metabolic denumds, that affects the instinctive appetite. Only those 
perhaps who have had the experienoe of feeding annuals with exeess 
of food, and have noted the amount eaten for considerable periods, 
will realise how well adjusted, under normal circumstances, is the 
instinctive appetite to the physiological needs.*^ 

If then a factor or factors essential to growth be missing from, or 
deficient in, a dietary, the consequent arrest of, or diminution in, 
growth energy may diminish the instinctive consumption of food, 
while the supply of such factors may increase consumption as an 
indirect result of a direct affect upon growth. 

Karr found that feedmg (Iojts nn a diet very rlcficient m vitamins 
resulted in decreasing appetite to the point of ultimate refusal to eat 
at all, unless vitamin was added. He states that a rather definite 
minimum amount of %ntamin B seems to be necessary to sustain the 
desire to partake of food wijicli is otherwise adequate for the nutrition 
of ihe animal. The actual amount of vitamin required varied with 
different animals, 0J& g^ of brewery yeast for instanoe bdng sufficient 
for some, while others required three times as much. That lack of 
vitamin is the direct cause of the failing appetite was shown by the 

*7 See abo Osborne and Mendd, J. J&oL Chem. ^, 359, 1915. 

Comparative calorimetric ptiTdies of fasting and r\vitnmino«]> have been 
carried out by Novaro (Paihologica za, 133, ISSiO; Phyaiol. Abetracto 5, 555, 
M21). 

M Km, J. Bid. CSmiii. 4i 255^ 1990. 
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laet that there wm no such failuie when the requisite anKMint of 
vitamin was given from the start as an addendum to the diet. 

Cowgill has confirmed the observations of Karr, and demon- 
strated that alcoholic extracts of wheat embryo, rioe polishingB and 
m\y bean contain the appetite-jiiamoting factor. 

In addition to tho well-known symptoms of scurvy resulting from 
deficiency of T, McCarrison" has noted the following results 
determined from the histological examination of guinea pigs which 
had been kept on a diet of crushed oats and autorlavcd milk: The 
size and weight of the adrenal glands increased, accompanied by 
degenerative changes in the cellular elements of the adrenal cortex 
and medulla and marked diminution of the adrenaline content. The 
bladder showed congestion of the mucous and muscular coats and 
degenerative changes of the epithelium, with hemorrhagic infiltration. 
In many cases there was considerable enlargement of the thyroid, the 
result in the main of congestion and hemorrhagic infiltration of the 
tissues. 

A connection between calcium metabolism and the vitamin con- 
tent of the diet is indicated by the work of several investigators. 
Mellanby*^ concluded from his study of puppies that substances 
containing and associated with A are particularly concerned in the 
calcification of the bones and teeth, a point of view which is confirmed 
by the work of Shipley, Park, McCollum, Simmonds and Par- 
sons,"^ who found t!!f cartilage and adjacent portions of the metaph- 
sis of the long bones of the extremities of rats could be rendered 
entirely free from calcium by feeding diets low in A. After alunit 
40 days on this ration, when the symptoms characteristic of lack oi 
A were well developed, two per cent of cod liver oil v. as incorporated 
in the diet, with the usual beneficial efitects. After a few days the 
animals were killed and their bones compared with tiiose of control 
animals which had recdved no oil. While no gross differences could 
be detected, microsooi»c examination showed that those to whose 
diet the oil had been added showed a line of freshly laid down lime 
salt in tho matrix of the proliferative sones, while the epiphyseal car- 
tOages of the controls were calcium-frce. Telf er on the other hand 
states that an experiment with an 8-months-old infant on the inr 

CewgUl* Am. J. Phyaol. $% 420, 1921. 
»• McCarrison, Ind. J. Med. Res. 7, 188, 284, 633, 1920. 

M Mellanby, Pro( . Roc. Physiol. J. Physiol 52, liii, 1919. 
•1 Shipley, Park, McCoUum, Simmonds, aod Parsons, J. BioL Chem. 45, 
343, 1020. 

M» TsUsr, Fhw. VhfML Soe, J. Fliy«ol. 54, or, Itao. 
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fluenoe of ood Uver oil and butter-fat on the retention of calcium and 
phosphorus ga^ no support to the th«ofy that Uiiee subfltuioeB in 
the diet spedfioally affect caldum retention. 

It Is believed by Mme observen that other vitamioB beeldes A may 
be concenied in the dopoaitaon of calcium. UcCarriaoa notea that 
lack of B catiaes thimiing of the bones and decreaBe In the bone map> 
row. Rarefication and fragility of the long bones and enlaigement 
of the jwictiooB of the ribs and cartilages are oommonly reported as 
symptoms of scurvy resulting from deficiency of C. 

The recent work of Mellanby " and Howe on the connection 
between tooth formation and the vitnmin content of the diet is oC 
great interest. According to Mellanby, a diet, containing an abun- 
dance of food with which A is associated, allows the development 
of sound teeth in puppies. 

A dist othoinw adequate but defldaat in auch substances brings about the 
following defeels in puppies' teedi: dettyied kM of deoidttoiis teeth, delajfad 

eruption of permanent deDtition, irregularity in position and over-lapping, 
eq>ecially of incisors, partial absence of or very defective enamel, and low 
calcium content. The deficiency in calcium «dts may even result in teeth 
being so soft that they can be out with the scalpeL Hie evidence makes it 
alnr that this is an instance of diet affecting the teeth from inside and is ai- 
dependcnt of bacterial sepsis and other condition" asi^nciated with food. These 
results cannot be considered as due to acute illness of malnutrition, for the 
improvement of the teeth on adding substances containing A is as character- 
istio as the deleterious effect of tine ddideiit diet, and there is eridenoe that 
the defeethre teetii are most prauMmeed in npidbr graniiig puppiee. 

Mellanby points out that the crowns of the deciduous teeth of 
children are for the most part developed before and during the first 
few months after birth. In order to supply the ofifflllting, the mother 
must have an adequate supply of A in the diet. 

Howe found that deficiency in C mfiy ;\lso cause serious defects 
in the teeth, riuim :i jiigs which have l)» en kcjit on a scorbutic diet 
for a considerable period of time show effects winch simulate pyor- 
rhea more closely than does any other con iition that has been pro- 
duced in animals by experimental conditions. Tiie teeth become 
elongated^ irregular, and very loose; the gums become red and spongy, 
and extensive absorption of the alveolus ocours; the dental pulps 
show ehanges before the grosser indications appear. Other cdEfecte 
produced are loss of luster by the hair, and sensitive, slightly swollen, 

«» Mellanby, Lancet, 191S, li, 765. 

M Uowc« Dental Coemo^ 6% 536, 1900; J. fiome £c 
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rheumatic joints. He believes that a scorbutic diet may produce 
the same effects in man. 

Various attempts have been made to relate the vitamins A and B 
with phosphorus metabolism, but direct and satisfactory experimeotal 

evidence is lacking.'* 

The olo'^c n?soriation of A with fats in nature eugge«ts tbnt this 
vitamin mii^ht function in fat metabolism, but no direct connection 
could be traced by Drummond," who found that rats on a diet lack- 
ing A are capable of absorbing large amounts of free fatty acids and 
of effecting synthesis of these into neutral fats over a considerable 
period of time. He concludes, therefore, that this factor pla}a no 
important part in tlie synthesis of fatty acids into fats following ab- 
sorpti(m« The power of absorbing fatty acids and effecting fat 
synthesis is apparently retained after the animal has begun to diow 
the charaeteristie symptoms of lack of A. Dnimmond*" suggests 
that fat is dispensable in the diet and only useful for supplymg Ay 
a hypothesiB which finds support in the experiments of Osborne and 
Mendel ^ in which rats on a diet containing mere traces of fat if 
any, but supplied with an adequate amount of A, grew normally and 
appeared as well nourished as the control animals which received 
liberal quantities of A. These ^qperiments would seem to indicate 
that fats in themselves are dispensable constituents of tLe diet, ex- 
cept in so far as they serve as carriers of A. 

That vitamin B is concornod, directly or indirectly, in fat metab- 
olism is indicated by the expi nriK iiti of McCarrison ^^nth monkeys, 
already mentioned, and by those of Funk and Dubin,'* who sliowed 
that the growth of rats on a high fat diet was inhibited more com- 
pletely by lack oi U lluiii was the case with those on a carbuhydrate 
diet, and these in turn grew more slowly than a group on a protein 
(meat) diet. Of the two carbohydrates, sugar and starve, the latter 
appeared to reqiuire more vitamin for its metabolism than did the 
former. With pigeons on the contrary a fai^ fat diet delayed the 
appearance of polyneuritis while a high percentage of carbohydrate 
had the greatest effect in haabming its onsets This effect of carbo* 
hydrate in increasing the antineuritic requirement has been repeatedly 

0* Funk, J. Physiol. 44 , 50, 1911; Simpson and Edie, Aun. Trop Me<i Par. 
6, 313, 1911-12; Osborne aad Mendel, J. Am. Med. Km. 69, 32, 1^17; Padua, 
Fhtl. I. 8d. 14, 4S1, U19; JelUffe, J. N«t. Meat. Du. 4flL iS89i 1010. 
«3 Dnunmond, Bioch. J 13, 9' 1019. 
«« Drummond, Bioch. J. 13, 95 V.m. 

Oibome and Mendel. J. Biol. Cbem. 45, 145, 1920. 
Funk and Dvbin, Sd. 52, 447, 1900. 
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observed by Funk ** and was oonfiimed by Braddon and Cooper/* 
but is denied by Bikjman and Vedder. 

Veddern umrta that «lw wpiditf mth ivbtdi polynnirittt develops bMis 

DO relation to the amount of rice eaten but depends on the idiosyncrasy of the 
fow! to thi:? deficiency, " ETppriments performed to determine the relation 
of the autmeuritic vitamin to carbohydrate metabolism by hand-feeding birds 
fritii TEiying amouatt of eaxbohydrato foods m fallMioits if the ftmounti fed 
are too excessive or too minute. The birds receiving too much die from over- 
feeding and the birds rereivinc too little die of starvation. Fowls fed on steril- 
ised meat or sterilixed egg will develop neuritis. When fowls are fed on equal 
ports of sterilised meat and rice or st^ilised egg and rice, they develop neuritis 
mora domfy thaa uluni fod on ntwiKiod OB ot meat aloiio. Tbow osperiiiMnte 
indicate that tho ■BtiiMuritio vitainiii ii not o aa oo m ed ia ootboliydnto 

Cramer" haa obaerved that ^en the Titaimna ara witfadrawn 

from the diet the peculiar glandular adipose tissue (which appears to 
be functionally related to the thyroid and adrenal glands) dieappears, 
although if vitamins are supplied this is retained even under the 
conditions which bring about the disappearance of the ordinaiy adi-> 

pose tissue. 

Funk " has stated that all animpJ organisms on a diet deficient 
in vitamins will in time come into a negative nitrogon balance, even 
though th(; diet is entirely adequate in regard to its amino acid con- 
tent, and Degrez and Bierry ''* assert that in order to maintain nitro- 
gen equilibnimi m absence of vitamins it is necessary to reduce the 
protein and increase the sugar in the diet, the minimum protein, fats, 
and carbohydrates permissible in a diet deficient in vitamin being 
controlled 1^ the chemical nature of the particular daaa of nutrient 
and the ration of the other two clasaea pveaent. Dnminiond,** on 
the other hand, reporta that the only deviation from the noimal nitro- 
gen metaboliam shown by rats on a diet deficient in B was the appear- 
ance of creatinuria which accompanied the wasting of the dceletal 
muscles. Karr'* has recently found that the nitoogen utilization in 
the digestive tract is unaffected by the absence of B and that the 
intermediar metabolism of nitrogen is apparently not materially 
affected by this lack. 

«» Punk, Proc. Phvsin!. Sor, ,T. Phy?iol. 47, XXV, 1913; Ihid., Z. f. physiol. 
Chem. 89, 378, 1914; Funk and Schonbom, J. Physiol. 48, m, 1914; Funk, 
Ibid., 53, 247, 1919. 

» Braddon and Coopor, J. Eyg. 14, 861, 1M4. 

Vedder, J. Hyg. 17, 1-9, 1918. 
»« Cramer, Brit. J. Exp. Path. 60, 184, 1920. 

Funk, Die Vitamine, Wiesbaden, 1913; J. Biol. Chem. 27, 173. 1916. 

Degres and Bierry, C. r. 170, 1200, lOSIO. 

Drununond, Bioch. J. 12. 25, 1918. 

Kan, J. BioL CaMm. 44, 377, UOO. 



Digitized by Google 



ROLE IN NFTRinON 



181 



In a study of the growi,h of tumors in mice Van Alstyne and 
Bccbe " found that 24 out of 26 animals on a diet of casein, lard and 
lactose grew a tumor with fatal results, while on a diet of casein and 
lard only two were killed by the tumor. Sweet, Corson-Whitc 
and Sajcon argued tliat this result was due to the growth-stimulating 
effect of the accessory substance introduced with the lactose/** From 
their my«§tig»tioD0 th«y concluded that tumor cells are subject to 
the same laws of growth as noimal somatic sells, the only difference 
being that the tumor oett possesses stronger avidity for the unknown 
substance in the diet which is essential for cell growthi and will there- 
fore persist in developing even thoui^ the individual is loong weight.^ 

While data is constantly accumulatang regarding the indiqjmasa- 
bility of the vitamins and the disastrous effects due to scarcity of 
Uiese factors, hypotheses as to their precise physiological function 
are few and vague. McCarriaon*® believes that the whole morbid 
process indicative of vitamin deficiency is the result of nuclear starv- 
ation of all tissue cells, since even the adrenals, which alone of all 
the organs of the body undergo enlargement, show on sectioning, 
changes in some of their cells indicative of nuclear starvation. This, 
however, merely changes the form of the question and leaves us ask- 
ing what derangement of functions and processes causes this nuclear 
starvation. Portier's theory that the vntamins impregnate nuclear 
substance bringing about " nuclear fecundation " and thus furnishing 
the cells with an impetus without which they cannot live, is equally 
vague. 

Arguments based on the distribution of the vitamins in the taaraea 
are unconvincing, partly because of the contradictory data g^ven by 
different observers, and partly because of the variety of interpreta- 
tions possibto for the accepted results. 

McCollum has attempted to correlate high vitamin content with 
actively functioning cells, with the inference that the presence of 
vitamins in such cells is indispensable for their dervelopment. 

Steenboclc and Gross point out that this relation does not by 

tT Van Alstyne and Beebe, J. Med. Res. 24. 217, 191^14. See p. 309. 
f • Sweet, Corton-Whlte and Saxeo, J. BioL Cbem. 21, 814, 1016. 

See also Corson-White, Penn. Med. J* 22, 348, 1919. 

■s^sa Hawk, Smith and Bergheim report that strained honey does not appear 
to contain appreciable amounts of vitamins A, B and C. Honeycomb oontaiu 
moderate aaiotmti of A. (Am. J. Physiol. 55, 339, 1881). 

M If cCarriMO, Ind. J. Med. Res. 6, 275, 850, 1919. 
Portier, Bull poc ?c: hyg. 8, 521, 603, 1920. 

SI Steeobock and QroM, J. fiioL Cakem. iH, m, 1919. 
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any means invariably hold in the plant kingdom, as is shown by the 
great variatioD in the A eoutent of eio^ar organs, sodi m tubeit and 
roots. Dnmnnond has flhown that actively growing animal tiflaoee 
eaeh as embiyoe and tumors do not contain appreeiable amounts of B, 
Swoboda, using a modification of the WiUians' yeast test^** could 
detect little vitamin in tissues high in nudear material such as thymus 
and lympih gland, while, on the other hand, yeast with its high con- 
tent of nuclear material is one of the richest sources of vitamin. 

Steenbock and Gross ** consider that the vitamin content of liver 
tissue, instead of being due to or associated with its activity as a 
glandular organ, might with equal propriety be looked upon from the 
standpoint of its well known functions as a storage organ, or might 
possibly be attributed to the absorption of substances not mdispen- 
sible to the organ but absorbed due to an inefficiency of the 
mechanism which excludes the entrance of substances in amounts 
greater than the needs as these substances are brought to it in the 
portal circulation. Similarly the higli vitamin content of the kidney 
may be said to be due to the temporary retention of the vitamin. 
Voegtlin and Towles" found ftom observatioos made on the vita- 
min content of the epinal cord that nerve fibres contain the anti- 
neorxtic substance, mainly in combined form, which is liberated after 
autolysis of the tissue, and judged from tlds that the aniineuritio 
substance under nocmal conditions formed an esseotial part of the 
nerve fibre, and that its presence in the nerve tissue in- sufficient 
amounts is essential for proper flmctiomng of this organ. The long 
list of compounds, unrelated chemically, such as betain^ allantoin, 
certain pyrimidines,"* nicotinic acid,'^ adenine,** orhydroxy-pyridine,'* 
thyroxin (trihydrotriiodo-oxyindol-propionic acid), pilocarpine, tcth- 
elin,** o-ketogf— propylindol, and n-methyl-^-ethylindolinone,^^ whicb 
have been found to exert a curative effect upon avian poly- 
neuritis would seem to indicate, however, that the function of the 
antincuritic vitamin may be merely to provide nerve stimulant, an 
effect wiiich mi^t equally well be produced indirectly. 

Uhlmann" concluded that the antineuritic vitamin acts on the 

M Dnimmond, Biocfai. J. 12, 25. 1918. 

Swoboda, J. Biol. Cham. 44, 680, 1000. 

Steenbock and Gross, J. Biol. Chcm. 40, 503, 1019. 
M Voegtlin and Towles, J. Exp. Phann. 6, 67, 1913. 
M Funk, J. Phymol. 45, 489, 1912-13. 
« Punk, IK 46, 177, 1918. 

WiUiams and Seidell. J. Bid. OmOI. 90^ 481. lOlO. 
•» Williams, 76, 29, 604, 1917. 
•0 Dutchcr. J. Biol. CJhem. 39, 63, 1919. 

Dutcher, Hohn, and Blaiman, Set. £2, 569, 1890. 
•* UUnan. ZntMb. Bid. 66, 467, 1018. 
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qnnpathetio nerve endin^i and thus ezeits a ecmftioUing inflnencie on 
the tones of the nraades in the organiam. He waa led to this oondu- 
Bion the oboeiTation that vitamin extracta act upon anunal tuaixea 
very mueb as do jnlooannne and choline. The intestinal muscles are 
caused to contraet^ the action of the heart is depressed, the blood 
pressure ia lowered, and the blood vessels dilated exactly as occurs 
when the respective tisgues are treated with pilocarpine." More- 
over, the action of th e \ itamin, like that of pilocarpine or choline, is 

antagonised by ntropino. 

Veddcr is of the opinion tiiat the antineuritic vitamin is a build- 
ing stone which is essential for tlie metabolism of the nerve tissues, 
basing his opinion on the following facts: 

1. If the supply of this vitamin i-^ cTit down by feeding exclusively on 
polished rice, changes in the structure of the nerve fibres of fowl? may bo ti* mon- 
strated after only seven days on such a diet. The eviduncti uf incipient dt^gen- 
enttion at MMh an mxly date appean to indioato UtaA a eartain amomift of tiiia 
vitamin is constantly iMOMMoy in order to maintain dia nervous «owlem in a 
healthy condition. 

2. The nerve cells from the cord of fowls suEering from polyneuritis gai- 
Imannn p i w a n t ehaD|H ¥017 siniilar to Ihiom donoiutrated in tiw narvo ooUt 
of bitds that suffer from lattgua as the result of long flights. 

3. Fowls suffcrinp; from polyneuritis may be completely cured within a few 
hours by the admioistratioa of the vitamin obtained from rice polishing 

McCoUum and Slmmotids ** suggest that polyneuritis S3rmptams 
in an animal are due to progresflive degeneration of the motor oells 
of the spinal cord. Even at the acute stages, however, there are 
normal cells which are capable of functioning if sufficiently stimu- 
lated, and consequently aiqr substance which supplies the necessary 
stimulus through its pharmacological action will induce at least tem- 
porary relief. Cramer, Drew and Mortram have pointed out that 
in avitaminopi'^ there i? extreme reduction of the lymphocytes, both 
in the Ivinfihoid structures and in the blood, and that this condition 
is also produced by exposure to X rays and radium. Moreover these 
agents, if used in sufficient amount produce other eflects very similar 
to those of avitaminosis, loss of weight, degeneration of the seminif- 
erous tubules of the testes, and ultimate death. They suggest timt 
all these agencies may exert a sdective action on the lymphoid tissue 
sad that this tissue is more important in the nutrition of animals than 
has been supposed. 

See p. 1^, Vezax and Bogel. 

Vedder, Pkoo. Stad ftei Am. Bd. CJong. See. 8, pt. 2, p. 27. 
** McCoUum and SImmeads, J. Biol. Cham. St, 55, 1918. 
Ma Craamr, Drew and Mortnm, Lane. 1921, 1, 968^ 
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Lumiere** aseribes the death of pigeons fed <m poluhed rioe to 
Btarvatioii fiom lack of a|ipetite, the lesult of Btagaation of the In- 
gested rice from lack of eecretioiis to aid in digesting it and passing 
it along the alimentary canal. He concludes that the special function 
of the vitamins is the stimulation of the gastro-intestiniil motor func- 
tioning and the secretory functions of the glands with an external 
secretion. Without vitamins the digestive glands cease to function, 
and the animals succumb to loss of these secretions although their 
digestive tract may contain abundance of nourishment. On the 
other hand, animals will succumb if deprived ot suflBcient nourishment 
to keep them in health, even if there is abundance of vitamins present. 
About one-third of the animals under observation developed in addi- 
tion to the Uaual symptoms of starvulioo the paralytic and cerebellar 
disturbances which have been regarded as characteristic of vitamin 
diefi d en q r. Ptompt reouperation when idtamioB aie supplied after 
defieiency disease baa developed testifies to their sUmnlatory power 
on the digestive glands. Hie special develqimeDt of the eerebeUum 
in birds to oontrdl orientation in flifl^t requires an extra amount of 
nourishment^ so when nourishment is iliut off by lade of vitamins the 
cerebellum suffers first and the cerebellar symptoms are the first to 
appear. In siqsport of his view Lmniere states that pigaons develop 
polyneuriAia as quiddy on a starvation diet but with excess of vita- 
mins as they do on the same diet without vitamins. When rice is 
supplied to these pigeons in suffinwt amounts they recuperate as 
rapidly as those which have developed polyneuritis through feedmg 
on polished rice do when supplied with vitamins. The disease pro- 
duced by feeding a ration of 4 g, of polished rice, 2 g. glucose, and 
1 g. brewers' yeast per day was cured by increasing the amount of 
polished rice. On the other hand, Karr concludes from the fact 
that the utilization ol mtrogen in the digeotive tract id not aflected 
by lack of B that the secretions of the glands associated with diges- 
tion and absorption are In no way dependent upon the supply of 
vitamins* 

Uhlnumn found that the administration of vitamma to cats and 
dogi, either subeutaneously, intravenouslyi or by the mouth, caused 
a marked stimulation of the salivary, sweat, gastric, and other glands, 
which is inhibited by atropine. From these observations he con- 
duded that the vitamins in the food play an essential part in the 

Lumiere, Bull. acad. med. Paris, S3. 310; 84. 274. 1020; Far. Med. 10, 474, 
1920; J. Am. Med. Anoo. 74, 1607, 1990. 
•V Kerr, J. Bud. Chem. 44. 277, 1020. 
•• UUnaim, 2iitMh. Biol. 1918, e8» 419-466. 
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p fo e oe B CS of digestion and metaboUam through their stimulatory 
action on glands produoing extonal and internal secretions. 

The work of Funk and Douglas, McCarrison, and Bmmett and 
Allen, diowing the marked degenerative changes in the glands of 
internal secretion, appear to indicate a very definite relation between 
these glands and the vitamins, and this is further suggested hy 
Swoboda*8 findings that B is present in large quantities in most of 
the organs of internal secretion which are of developmental import- 
ance, but in much lower concentrations in other organs, with the 
exception of the liver and kidney. Hopkins has given it as his 
opinion that there is increasing probability that the function of the 
accessory food factors is connected with the stimulating of the in- 
ternal secretions. In the light of our constantly increasing knowledge 
of the inter-relation between the internal secretions and their immense 
importance in metabolism, the dependence of these glands upon the 
vitamins, could such be proved, would be entirely sufficient to account 
for all the numerous symptoms which have been noted as resulting 
from vitamin deficiency. Accepting this hypothesis provisionally 
WB are led to inquire whether there is anything in the nature 
of the vitamins which mi(^t explain their effect upon the aeeretofy 
organs* 

There are two daeaes of factors which play a weU-recognised part 
in phynological proeeases, the hormones and the ensymes. In cer- 
tain respects, such as the difficulty met with in attempting to separate 
and identify chemical individuals and notable sensitiveness towards 
heat and reagents, the vitamins show a resemblance to the enz3rme8. 
Moreover, the predominance of cnzymic activity in connection with 
physiological processes inclines us to ascribe all oUierwisc inexplicable 
results to enzyme action. We have, however, no definite evidence 
that the action of the vitamins is catalytic. On the otiier hand, 
Delf s observation that the rat« of destruction of the antiscorbutic 
vitamin in cabbage leaves is increased only about three-fold for an 
increase of 30° to 40° in temperature would indicate that here at any 
rate we are not dealing with an enzyme-like body. 

The term hormone, meaning a substance which arouses or exeitesi 
was used by Starling for certain substances which have the power 
of arousing functional activity in the animal organism, apparently 
by stunulatmg ensyme activity in the oells to which they gain en« 
trance. To this class belong such substances as secretin, the excitant 

Swoboda. J. Bid. Oiem. 44. C30, imo. 

Hopkins, Koy. Soc. Med. [Sect. Ther. & AanA.] lane. 1919, ii, 999. 
Ml Ddf, fiioch. J. 12, 416, 1918. 
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of the j>ancreatic gland, and gastrin, the hormone which indtimB the 
eeeretion of the gastric juioe.*** 

The claBsification ie based on function entiiely and is in no way 
conneeted with chemical nature. Atnistrong supposes that the 
metabolism of plants as well as animals is detennined by honnone 
and suggests that the substances associated with glucose in glucosides 
for instance may function as hormones, the glucoside being hydro- 
lyied during gennination and providing a hormone which serves to 
stimulate the growth of the seedling. 

It has been suggested thnf the vitamins are hormones which stimu- 
late the endocrinic glands to produce their secret ions, which m turn 
stimulate the various cells of the body. Mendel first used the term 
hormone in t-oimection with vitamins,**^ and Hopkins afterwards 
adopted the term " exogenous hormones." Vocgtlin and Myers 
have pointed out the close similarity , if not idcuLity, of the anti- 
licuntic vitamin from yeast with pancreatic secretin. They have 
succeeded in relieving to some extent at least the neuritic symptoms 
induced in animals by defioent diets by the administration of se- 
cretin, while on the other hand, when injected into dogs, the anti- 
neuritie vitamin stimulates the flow of bile and pancreatic juice. A 
jreast preparation which had lost its curative power for avian poly- 
neuritis was likewise devoid of any stimulating effect on pancreaUe 
secretion or flow of bile. 

McCollum objects to this view. " Food hormones is an objec- 
tionable term because all the evidence available indicates that both 
the fat-soluble A find water-soluble B are never-failing constituents 
of the cells of both animal and plant tissues. They have nothing in 
common with the hormones. Tlie latter arc chemical substances 
which are formed in the body by special tissues and contributed to 
the blood stream where they cause the stimulation of certain other 
tissues to physiological activity. They are chemical messengers, 
while the substances under discussion are food complexes apparently 
necessary for all the livuag cells of the body." 

There seems no reason, however, for thus limiting the conoeption 
of honnone. Mathews*^ finds some basis for thinking that hor- 

Edkins» J. Physiol. 34, 132, 1906; Keeton and Koch, Am. J. Phyaiol. 
37, 481, 1916. 

1" H. B. and E. F. Armstrong, Ann. Bot. 26, 607. 

See Lusk, S< i Nut. 1917, 378. 
105 Vocgtlin and Mjeri, Am. J. Physiol. 49, 124, 1919; J. Phann. Exp. 
Ther. 13, 301, 1919. 

McCdUm, Newer Knowledie of Nutritioii, p. 66. 
s*t MatfaMM* thgtUL Chen, im, 448. 
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mones are normally produced perhaps in all cells under the influence 
of the nerves, and that these substances directly stimulate the cell to 
activity. From this point of view there could be no objection to 
regarding the vitamina ^ther as hoimones or as praeiinors of the 
honnooes of the eniloGrimo i^aods. Hie improved ooodition noted in 
pigeons after administration of B and the apparent increased meta- 
bolic rate noted in deficiency studies when the lacking essential is 
supplied, according to Dutcher, are due to increased activity of the 
glands of the alimentary tract and the organs of internal secretion, 
with the result that foods arr mnre completely digested and assimi- 
lated, and the stimulation of cell activity due to hormone action is 
increased.*" This investigator has endeavored to relate the anti- 
neuritic vitamin with oxidative processes. He found that the catnlftse 
content of tissues of pigeons on a diet of polished rice falls until it 
reaches its lowest level at the acute stage of polyneuritis, a result 
which is in accord with Ramoino's observation that the respira- 
tory quotient falls in avian polyneuritis, but when extracts of rice 
bran are added and the pigeons have started to recover the respiratory 
quotient increases to normal. On administration of antineuritic B 
the catalase likewise tended to return to normal. Dutcher believes 
that the vitamin does not iteelf act as a direct acUvator of catalase 
but stimulates the c^nism to greater production of this ensyme. 
In this connection Bachman's statement that vitamins are essential 
for the growth of anaerobic yeasts whUe an aerobic yeast grew readily 
in a synthetic medium without the addition of vitamin b interesting. 
Findlay**** has recently confirmed Dutcher's observation that the 
g^yoanlase content of the li\'er is less in pigeons with beriberi than in 
the control birds and concludes that the vitamin does not act as a 
C0-enz3'rae of glyoxalase. 

Tschirch's theory of the biological function of vitamins in build- 
ing up the animal organism, is as follows: The organism cannot, 
unaided, synthesize from aliphatic amino acids such cyclo compounds 
as, c. g., purine and pyrimidine bases, which are so essential in the 
loniiation of nucleic acids, or cellular nuclei. The synthesis, how- 
ever, takes place in presence of enzyme-like substances, " CycIo« 
kdases,'' i. e., " ring closers," which oontain, or perhaps are identical 
with the vitamins themselves."' 

Dutcher, J. BioL Chm. 86, 63, 547. 1919. 

^'^^ Ramoino, Arch. Ital. bid. m, 1. 1916-17. 
"0 Bachman, J. Biol. Chem. 39. 235, 1919. 
Schweix, Med. Wochschr. No. 2, 21, 1920. 

Hsuiiler, Schweis, Apotb.-Ztg. 58, 621, 634, 655, 1920; Chem. Aha. March, 

im, TOt. 
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McCarriMii'B noteworthy smnznazy of the funetiona of vttamiiis^*' 
very coneiaely and posftiyely sets forth their bearing on health and 
disease: 

" (1) Vitanuaes are cuu^jUuit consUtuents o£ iivmg tissues. Although present 
in rwy mall anumntii naiatenaiiM of healfli it dependent on their eetioo. 

" (2) Vitamiaee do not themaelvefl contribute to the energy supply of the 
body but ieeilitete utilieation by it of proteinic fete» eeibohydnitee and eelte of 

food. 

" (3) Proteins, fats, carbohydrates and salts cannot support life without vita- 
min^ nor vitaminea without these proximate principles; they are complemen- 
taiy to enoh other. Without ▼iteminee, the body etenree. 

" (4) A distinct relationship exists betwotti the amount of vitamincs required 
and the bn!an::c of food in protein, fat, carbohydrate and '•alt, the effiosioy of 
the vitamiue di pending on the compojition of tliL iood mixture. 

*' (5) A distinct relation exista between the amount oi vitamine required and 
the rate of meteboJio proeeee. 

" (6) Each vitamine plagn a epedfio part in nutrition. 

" (7) It appears that vitamine A is a^ociated with the motabolism of lipoids 
and calcium, aa well as with chemical reactions requisite for growth and main- 
tenance. 

(8) Vitamme B appeare to be aeeodated nilh tiie nwteboliem of caibo- 
hydrates and wttii the diemical naottone and fimotional perfeetaoa of all oella, 

particidarly nerve cells. 

" (Q) Vitamine C appears to be associated with the metaboham of calcium 
and with the chemical reactions of growing tissues. 

" (10) All vitaminea an oonoemed in the maintenance of orderly balanee bo- 
tween destructive and conetnietiTe eettular processes. 

" (11) One vitamine cannot replnce nnotber although ito function may be in* 
terfered with by the absence of another. 

" (12) The final result of their efficiency is the same whatever be the degree 
of deprivation, the greater the deprivation the mora vapid ia the onaet of aymp- 
toms due to it, the leeeer the deprivation the aknrer ia the onaet of tiie eymp- 
toms due to it. 

" (13) Each vitamme exercise a spertfic influence on tlie adrenal glands; the 
effect of their deprivation on these organs is one of the most outstanding features 
of deficieniiy ijiwwffft. 

" (14) Vitanunee influence mariwdly the production of honnonea and all ei- 

tcmal secretions. 

" (15) There is reason to believe that the capacity of any given cell for work 
is impaired in proportion to the degree of vitamine starvation. 
" <19) Viteminea aid the tinniee in leeiBting infection. 
" (17) Vitamine^ eqpedaUy vitamine B, induce in the human and animal bodr 

a desire for food. 

" (18) VitRmines are one link in the chain of «nential substances requisite for 
harmonious regulation of chemical processes of healthy cellular action. If the 

u> Studies in Dificieoiy Diaeaaei^ Oxford Untrently Fnm, tsai. Am. Food 
Jour. Oct. 1S21. 
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fink be tvolcMi, huaumjr oomm or beeoawB dlMMid m H taaj eeMe or beoomo 

discord If any other Imk be broken. 

" (19) The place of vitamines in human pconomy must be cnnaidered in ron- 
neotion with metabolism as a whole: in connection with their relation to other 
wmntinl food requisites, with their rektion to orgaa digestion and assimilation, 
•nd with their leletiaii to endoerine ngRdelon of metebolie pr oc ene . " 
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SICKBT8 

Findlay, in his rulmi ruble historical survey of rickets* defines 
this disease as a deriuigLinent of which the chief raanilestation is to 
be seen in the growing bone, in which there is an excessive and irreg- 
ular development in its earlier stages, with arrest or delay in the 
formation of fully-formed, firm and normally calcified bone. 

Aa long ago as 1650 the symptoms were described with accuracy 
by GUfson/ of whose description Findlay makes the coounent that 

there has been nothing to withdraw and very little to add." With 
regard to the external appearance of a rachitic ehild Glisaon states: 

The parts of ttie child are insular and of unusual proportion. The head 
it biffcr thstt ttormal, aad tfie hat tMmt in raqiMt te tin othar piiti. TIm 
cstemal members and musdei of iStub body ai» teea to be ddieate and emaciated. 

The whole skin, both the true and the f\r-<hy nnd fatty layers, is flaccid and 
rather pendulous, Hke a loose glove, bo that you think it could hold much rnore 
flesh. The Jointtt are not firm or rigid. The chest externally is thm and much 
natTOwod. 

The di?oj^<?e further characterized by restlessnr-'^ nnd perspira- 
tion r\t night, and orrn-'ionally by sensitiveness of the limbs so tiiat 
the ( Inl l cries on bemg handled. Many writers describe gastro- 
intestmal disturbances as characteristic of rickets, but Findlay 
states that in his experience normal digestion is the rule rather than 
the exception, the characteristic protruding abdomen being due partly 
to degenerative changes in the walls oi the stomach and intestines 
and partly to the abnormally small sise of the thoracic cavity. It 
may be noted in this connection that scurvy and rickets are not infze< 
quently found in conjunction and the symptoms of the one may very 
easily have been occasionally confused with qrmptoms of the other. 

The ends of the long bones are enlargsd, especially at the wrists 
and ankles, and the bonsa themselves are variously distorted. A 
curious feature of the diseaFc is the fact that the various bones seem 
to imequally affected in different cases. In one case the legs may 
suffer chictifly, in another the arms, in still another the thorax, and in 

1 Med. Res. Com. Sp. Hrp. ?0. 
* Glisaon, De rachitide, London, 1650. 
100 
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others again the head; nevertheless, in not a few cases, all parts of 
the skeleton are equally and severely affected.* Very cbflracteristic 
is the " beading " of the ribs, due to the development of nodules at 
the juncture ol the ribs with the costal cartilages, which if very prom- 
inent may be seen as a string of beads down each side foiming the 
** rickety rosary." 

Analyas shofWB thai the raohitie bone vt strikingly deficient in cal* 
eium. Langsteta and Meyer ^ give the following results for the 
analyais of a rachitic and a normal bone: 

Normal Aadiu^. Rachitic Radius. 
Per oflat Pcf cent 

CartilaginoiH iii»teri«l 29.43 TIJS 

Salto oflim e«J8 1S» 

Owing to thiij deficiency the rachitic bones are soft so that they 
can readily be cut with a knife and bend easily. The following clear 
description of the bony structure is taken from Findlay (1. c.) : 

^facroscop!c characters. — On section of any lonp: honi" tVip most striking 
abnormality is the increase in width of the cartilaginous growing zone. Nor- 
mally, this growing sane is truly a line — the epiphyseal line — forming a nar- 
row, gUifeeniag, bluUMiliite bud, diuply dBmaroaliiig fhs diapbjnrit fren tiie 
epiphysis. In rickets it is increased in thickness many fold, is irregular, and 
extends by tongue-Iikf> processes into thf Hiaphypif. Sometimes these areas 
of cartilage are completely cut off from the growing epiphyseal acme and, as 
auggestod by Virebow, may fonn nndai for tiie dovdoiinieDt later of enolMii- 
dromata. Occasionally this l^perpksfcttt tUMw ntaina the appaamiee of havjng 

been deposited in layer?, the one !aypr bpinc srparatr 1 from thr> oflv r by a 
va<?rnlftr zone. More frequently, howc.rr, no Bucii arrangement is visible, and 
irregular islands of uncalcified cartilage separated by vascular spaces predomi- 
aate. Hms Ttaoulir weM pve the idea of liy|)w>wnia» and have mgieatod tha 
view tiiat flw oonditioa ia inflaimiialoty in Balun. Tim tianow aavity seems 
undnly wide, ukd tfMM ia the appeanoM of inonaaad bony tiMia luidar the 
periosteum. 

Ificroscopic eharaclen. — On mieroaoopio examination the irregtdarity of the 
epiphyiBal aooa ia evan more striking. 

At the growing end of the shaft of any long bone of the normal child the 
first change observed is a proliferation of the cartilage cells, which subsequently 
become arranged in rows in the long axis of the bone. The cell spaces enlarge 
and baoome confluent, fonning the primary narrow apaoaa. He cartilage odla 
than degan ara te, and the spaces are invaded by vessels from the perichondrium, 
accompanied by osteoblasts and connective tissue. The veswls of the pprirhon- 
drium encircle the bone in rows as h(X>ps do a barrel, and thus the invading 
vessels are arranged at different levels and give to the bone a somewhat striated 

« Findlay, 1. c. 

« Langstein and Meyer, Saugl i ngsemahrung and Saugiinsstoffwechaal. 
Wiesbaden. 
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ivpeanmoe" Hmm bnndies enter the bone at right angles to the long »ad§, 

•ad nadty in the primary marrow spacee; they do not iniwteinm tft, bui tenni- 

nafe as end arteries. According to Schmidt* theae vessels vary in number in 
different bones, and their relative abundance is a measure of the rate of growth 
of the bone. The cartilaginous matrix between the ceils next becomes calcified, 
tod tfMM pillan of ealdfied eaitOtfe form • «oaibld on ubich bona it d^odtod. 
The normal body trabeculae thua formed are occupied for tlio nmit put by 
almost parallel row«i of p1oncate<l bone cells, viritli their prooessee running at 
right angles to the margin, and are surrounded by a mere rind of homogenecHia 
"osteoid" tinue. 

In rickets there is an excessive preparation for the formation of bone in the 
greatly inrrefi:-Cf! depth of tlir layer of prolifiTating paral!r-l-arrTinfrf d rar*il:\fre 
rpllp. The (lisappf'iiraiice of the cells i:? delaye<.i, and occurs erratically, so that 
irregular areas of cartilage renuun as such, and are neither absorbed nor iniii- 
tnted nith lime. These tongue-like prooeeses of ewtilage eltemate with arsM 
of pertiaUj or ehnost normally calcified tissue, with an apparent increase of the 
intervening marrow. When ossification occurs it takes place irregularly. The 
trabeculae persist for the moat part, however, as homogeneous proce^es with 
or without ^osts of cartilage oells— the ao-oalled osteoid tisme->iriih amall 
central lonee ooeupied by dmrfed and teepdaitir plnoed bone odb. 

It ia the development of thU osteoMl Hmuf Aoi tt lh» <nie ckoraefer^ 
wCtc kutoloifietA feature of riekete. 

This disease appears to be remarkably wide-spread. Schmorl* 
states that histological investigation on 386 claldrcn dying bti'ore 
the age of four years showed that 90 per cent had rickets. Dick' 
has reported that 80 per cent of the children in the Ixmdon County 
Council Bchoolfl wen found to have symptoms of this diaease, and 
Plndlajr {I. c.) states thai evidence points to an incidence of prob- 
ably not leas than 60 per cent in the general population of the indus- 
trial areas of Great Britain. Hess found that 90 per oeni of the 
children in a New York orphan asylum were affected. In a recent 
paper on rickets in Germany, Engel ' asserts that the number of 
rachitic children constantly increased during the war* These children 
in many cases were dwarfed, deformed, and in a number of eases un- 
able to walk at the age of three, four and even six or seven years. 
It 19 estimated that in the to\STi of Dortmund, where thfre wrrc about 
30,000 children, 10 per cent cannot walk, Dal yell ^ reports from 
Vienna that in one community, which included many breast-fed in- 
fants, rickeiti was diagnosed in 50 per cent of the children of five 
months and 100 per cent of those of nine monUis of age. 

• Schmidt and Schmorl, ErRob d. son. Med. u. Kind 4, 403, IfllM. 

• Schmorl, Verhand, der. deuknrh path. Ge^^ch Uwg, 58. 

• Dick. Pros. Roy. Soo. Med. Sect, for Dis. Child., 1915, p. 83. 

• Bngel, Ltae. IflOO, i, U8. 

• DelyeU, Brit Med. J. Ji4y SI, ia». 
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Many theories have been advanced to account for the development 
of rickets. Some of tbeae are now generally difloredHed and may be 
diemueed with a word. 

Heredi^ appeaiB to have no direct connection, altbooi^ Siegert** 
believes that the appearance of the disease in breast-fed childxen may 
be accounted for on this ground. 

The view t^r^'nmtm at one time that rickets was to be regarded as a 
manifestation or result of congenital qrphilis no longer receives any 
consideration. 

The theory of an infective organism has been held by various 
authors,^^ some of whom claim that thoy have induced the disease by 
inoculation or contact with an infected animal. Kc( cut work has 
not confirmed this view, however, and it seems probable that the ob- 
served results are susceptible of other interpretation. 

While some writers have maintained that want of breast feeding is 
the cause of the disease, others have iield tlmt too prolonged suck- 
ling is responsible. The work of Findlay ^* has eliminated both these 
possibilities.^* 

Attempts to establish a direct oonneetion between rickets and 
deficiem^ of some mtemal secretion have been equally unsucoessful.** 

Faulty diet or digestion resuHang in the production of acidosis of 
some form of intoodcataon has been suggested by several writers as 
the cause of the rachitic conditiimy but this has neyet been confinned 
and, on the other hand, other forms of acidosis produce no such decal- 
cification of the bones. Lienauz and Huynen " regard both rickets 
and osteolmalacia as a special type of acidosis in the broader sense, 
due to the unsatisfactory proportions of the onlrium and the phos- 
phoric acid in the diet. They base their theory on ob?orvations made 
on farm animals and the satisfactory results obtained by addition of 
lime to a calcium-poor diet. It has been found, however, that abun- 
dance of calcium alone, whether supplied in the form of milk or as 
calcium phosphate, will not necessarily protect against rickets, while 

^« Siegert, Verhand. d. Geaeil. f. Khde. 1903; Jahrb. f. Kbde. 68 and 59. 
Tonne and Salvatore Forte, La Podiatria, Sflpi. 11)07; Moomii, Bulletin 
de la SodetA Gnitr., Vol. LVII.; Koch, Zeit. f. Hyg. und InfektionB-krankheiten, 
72, H. 2, 321; Koch, Zeit f Hvf^ und Infektons-kmnkheitcn 69, 436; Mircoli, 
Pathologica, 3, 562 and 566, 1911; Marfaxi, Le liachUisiue ct sa Pathogenie, 
Paris, 1911 ; Koch, Arch. wias. prakt. Tierheilkunde, 45, 263, 19iij. 

It Findlay, Lane. May 8tli, 1915. 

i> See also Davidiohn, Ztsch. f. Kinderh. 21, 349, 1919. 

1* Stoeltracr, Jahrb. f. Khkde, 51 and 63; Basch, Th. M, 289, 1906; Matti, 
Ergeb. d. mn. Med. u. Kind. 10, 1. 1913; Kloae and Vogt, Beitr. s. klin. Chir. 
19, 1910; Bnton and BobertMa, J. FMh. Boot. 21, 1916. 

» Uoaaon and Hqyaoo, Bull. acad. loy. mod. B«]f. 89, 885, 1919. 
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a diai low In oalcimn may not pxDduoe ridkets even thou#i evidence 

of the calcium deficiency is found in the softness of the bones.^' 

Several distinguished authorities " have favored the hypothesis that 
tickets arises from deficiency of fat in the diet/^* a view which received 
support from the often-quoted work of Bland-Sutton on lion cubs in 
the zoological gardens/* in v,'hirh the addition of cod-liver oil, milk, 
and cTUphed bones to tlie ordinary diet of lean meat was found to 
protect the animals ap:ainst rickets, and also from the well -recognized 
beneficial effect of cod-liver oil in the treatment of rickets.^' That 
the fat in itself is not the fundamental factor is clearly proved by the 
work of Mellanby,^° who has shown that different iiitd iiave very dif- 
ferent values in this respect; of Osborne and Mendel'^ and von 
GrocTp** who have ehowi^ thai notmal nutrition ean be eectned for a 
eoDfliderable time, at least, on diets almost devoid of fat; of Mackay 
and Toser *^ who have studied the effect on Idttens of a diet deficient 
In fats, and found no evidence of rickets, although the kittens became 
emaciated, ceased growing, and suffered from diairhoear and abdominal 

» 8to«ltSBer. Jalirb. f . Kindeih. 90$. IBM, 

1' Holt, Dis. of Inf. and Child. 1907; Cheadlep Artific Feedmg and Food 

Disorders of Infant?, 1906. 

iTa 1^ result of feeding experiments and clinical reports, it has been ac* 
oepted that vitamin A is highly important for man, and that the lack of it leads 
to ttutrittonal diBOvdor in ehildren. To itaidy this qiiMtion, five infuiti, laagiiig 
in age from 5 to 12 months, were given a diet complete except for a very small 
amount of vitamin A. It consisted of 180 g. dally of skimmed milk {02% 
fat), 30 g. cane sugar, 16 to 30 g. autoliaed yeast, 15 c c. orange juice, 30 g, 
oottanieed oil, sad omsl for the older infants. On this diet no detrimental 
effect was observed over a p«iod of 8 to 0 months. These results suggest that 
either a very small amount of this vitamin suffices to supply the needs of 
human nutrition, or that this deficiency has to be maintained for a period of 
years to bring about harmful result. Infants fed on this diet did uut develop 
signs of liekels. The dkoider developed however in infants ree^ving Isige 
quantities of milk containing ample vitamin A. Hess and Unger,^^^ therefore, 
do not believe that rickets is brouK^ f tbout by the lack of this principle. 

Golding, Dnmunond and Howard (Biochem, J. 15, 427, 1921) carried out 
em>erinMnts oa rationing pigs witii ettraeted dried nulk, «raam, purified eaaeino* 
gen and salt mixture. At the same time, feeding tests of a like natuft were 
carried out except that autoclaved olive oil was substituted for cream. The 
results obtained do not offer any definite information on the relationship of 
fat-soluble A to the etiology of rickets. 

Ftoo. 80c. Exptl. Biol. Med. 17, 49, 1919. 

Quoted by Cheadle and Paynton, Allbut's Syst. of Med. 8, 95. 
i» Hfss and Unger, J. Am. Med. Asn. 1917, U83. 
" Mcllanby, Lane. 1919, i, 407. 
n Osborne and Mendel, J. Biol. Chem. 45, 145, 1920. 
*« Von Qroer» Biodh. Z. 07. 311, 1010. 

Maeksj and Toaer, Btoohem. J. 15, 10^ 28, 1081. 
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distension; and of Shipley, Park, McCollum, Simmonds, and 
Parsons," who have demonstrated that cod-liver oil contama some 
subetance or subetances which cause the deposition of calcium in the 
boneB in the same way in which it oceun in spootamm healing of 
rachitis in man. However this la disputed by Telfer (see referenoe 
on p. 177). 

Defective hygienic con d itions of various sorts, bad ventilation,** 
insufficient lighting,** and lack of exereise ** have all been represented 
as responsible, and Hansemann*' has elassed together all the 
unwholesome features of civilization under the comprehensive tenn 
" domesticatioD " and regards the disease as the product of the com- 
binaticflu In this connection the observation of Hess and Unger 
that exposure to sunlight had a marked and curative effect on rickety 
children, of intorest. 

Ferguson's statistical study of the social and economic factors 
in the causation of rickets " indicates inadequate air and exer- 
cise as potent factors in determining the onset of rickets, and mini- 
mizes the effect of diet. In this study the average number of persons 
per room was found to be almost one person greater in the rachitic 
thau m liic Dou-raehitic families, the cubic space per pttrriOD was 32 
per cent less in families with cases of marked rickets than in families 
who were free from the disease, and the cleanliness of the house was 
distinctly better in the non*rachitic than ui the rachitic family. 
Cammenting on this investigation, Hellanby ** says: 

In the study of ricketij in Glasgow made by Ferguson, analysis of the aver- 
age diets of rachitic and non-rachitio families studied showa that in practically 
every case the diet of the rachitic families oontainad mora of aubetances allow- 
ing rickets raoh as flour, potatoas, sugar, oatmeal, and Ism of aatnadutio foods, 
such as milk, meat, fat, fish, eggs, and cheese. While the differences are not 
large, they probably indicate a veiy dooided dietfftic disadvantage to the chil- 
dren of the rachitic 

*• Shiploy, Pari^ McCeUuni, Siuiioada and Panons, J. BioL Gkem. 45, 

ZiZ, 1920. 

" Dudgeon. Rep. of the Soc. for Stiidv of Di^^ Child, Vol. Vlli, p 5G; 
Clement Lucas, Brit. Joum. of Child. Dia., Feb. 10O8; Etaer, MUnch. Med. 
Woeh. 818. 1907; Kaasowits, Die Patbogeneee der Racfaitia. Wion. 188S. 

w DiMiac Deutseh. Med. WoflMir. 88, 568. 

>« Pindlay, Brit. Med. J. 1808, ii. IS; Paton, Pladlay, and Wattoo, lb. 

1918, ii. 625. 

*T Hansemann, Berl. klin. Woch. 1906, Nos. 20 and 21. 
Hcea and Unger, J. Am. Med. Aaaoe. 77, 88, 18S1. 
Med. Res. Ck>m, Spec. Rep. 80. 
*• MtUanby, Lane. 1880, 1. 860. 
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While admHting that poor BUiroundiiigB and lack of enreue may 

be powerful predisposing factors, Mellanby refuses to consider these 
aa diraol causes. He points out that the diets used by Findlay (1. o.) 
were auch aa will eventually produce rickets reganUess of other eon- 
ditums. 

The bwwfldal effect of freedom, he states, is what mi^t be expected, as 
eoostant movement must raise the whole metabolic changes m the body and 
in tiie first place pcevent or delay depoation o( fat wilU \Ib accessory A, and 
tteondly faring into Mtavity auy antirMhitie iMUir notinally stand aivij and 
itMffeelrre. Bmdn tfaanfon giw greater opportunity for any aatirMhitio 
fMitor in food or tiames of aaimala to play its port in the animal oeonoiny. 

In a very extensive hivestigation mvolving the use of over 200 
piqipieB** Mellaaby believes he has obtuned oonduslve evidence 
that rickets is caused by the laek of a speofic antirachitic factor 
which is either identical with or similar to the vitaoun A» In his 
eqierimental work he made use of four iypeii of rachitic diets. 

I. IVholo milk, 178 oo, oatmoal, rioo; Mlt, 1-3 g. 

H. " « " " br^ad, ad lib. 

UL S^purator milk, 175 cc. ; bread (70 por cent wheat) ad lib; linnnni oil, 

10 cc; yeast, 10 g.; salt, 1-2 g. 
IV. Separator nilk;, 380 to ttO eo.; bread <70 per eent niioat), ad lib.; liai- 

Mod oil, fi to IS oc; yaHt» 5 to 10 g.; orange juiee, 3 ee.; mit, 1^ g. 

Ubing diet I, he found tliat increasing the whole milk from 175 to 
600 cc. per day prevents the development of rickets. 

On diet n, meat» and also wateiy and alcoholic (80 per cent) ex- 
tract of meat| had an inhibiting effeetw On the other hand, the pro- 
tein residue after loss of the eitractives allows rickets to develop. 
Yeast extract or yeast had no protective influence. Malt extract had 
some inhibiting action and delayed the onset of ridcets when added 
to diet n. 

A large number of animal, and vegetable fats and oils were tested, 
and it was found that all were preventive except linseed.*^ When milk 

>o Mellanby, Lane. 1019, i. 407; 1920. i. 856. 

A diet gi'^'pn to kittens to determine the r;~-i t of a deficiency of animal 
fat (Mackay, Biochem. J. 15, 19-27, 1921} consisted of white bread ad lib^ 
orange juice 1 c. c, alternate di^; marmite (a variety of yeast) 2 g. given iu 
milk, niiote not eonmiiiMd. la MUUtion, eoatrol aaiiiitb raaavad whole milk 
ad. lib., and the experimental aaimalH machine-dcimmed milk with 3% olive oil 
ad. lib. Both the whole and skimmed milk were brought to a boil and allowed 
to cool before being given to the kittens. The fat value of the skimmed miUc 
WM 0.16%. Hm oUve oil bad pmooBbr boon autodnvod, and bad been diown 
to bo fieo of A. Tho abaonoo of il hi the diet of the experimental animals gave 
rise to emaciation, arre^^t of growth, abdominal di?trn?ion with atrcphy of the 
walls of the etomach and intestines in some cases and changes in the ooett^ 
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fat is eliminated from the diet by using separator milk, and Unseed 
oil was the only fat in the basal diet, it was found that the valtie of 
the oila ie graded, eod-Uver oil bong the beet and linseed oil wont 
Animal fate aze more anturaiebHIo than vegetable fate, and the latter 
differ among themselves. The best vegetable fate are peanut and olivoi 
the least effective of those examined indude linseed, cottonseed, ba- 
basBU oil, a hydrogenated fat, and coconut oil. From this it would seem 
that if A and the antirachitic factor is identical we must assume that 
development or lack of develqmient of rickets in puppies is a much 
more delicate test for the pieeence of A than are growth esperimeDta 
with rate. 

It was found that the addition of orange juice (ono-fciurth of an 
orange per day) did not prevent rickets, also that adding 5 g. of cal- 
cium phosphate or incrensing the calcium intake by doubling the 
amount of separator milk, had no preventive effect, but that under 
these condition8 the growth and general health of the puppies was 
better, and iu general the better an animal grows on a rachitic diet 
the more eaoly is rickets produced. 

On diets III and IV it was found that small quantities of meat and 
meat extracts did not prevent rickets from developing as had pre> 
viously been obeerved when used in addition to diet II. Althoui^ 
meat did not prevent rickets, however, it was found to have some inp 
hibitoiy effect, which was best seen when small quantitiee of meat 
were given witii quantities or types of fat otherwise ineffective in pre- 
venting rickets. This probably accounts for its action on diet II, 
where a small amount of butter-fat in the milk had its antirachitic 
effect enhanced by meat^ In this connection Mellanby remarics: 

Meat evidently has a rtimulatiiig aotitm cm growth far b^ood iti A «oo^ 
tent, and thp antirachitic action is also greater than would be expected from 
Uie amount of A suppoaed to be present. It ia known that meat, more than any 
other foodituff, hae a stimubtiiig effeot on the total chemtQal ohaiigM taking 
plam in tbe body. In thus serving aa a 8tiiiiuUuit» it will inewisa tin effeetivo- 
neas of any A in the diet, and will tend to prevent storing up and deposition 
of this substance in subcutaneous and other tissues. Also, any A in the tissupi* 
mil be more readily metabolised under the stimulating influence of the metab- 
olising meat It ie pcobeble that the aatnadiitic aetioii of meat mey therafora 
bo due mofo Co making the firea bum more brighthr and thereby inofeeemg the 
effecti%'enefi9 of any A present in the body father fiiaa to the wmottBt of tiiie 
factor which it poaseflses in itself. 

ehondial jimotioiiB eimilar to thoee eeen in gumea pigs and mte suffering from 

deficiency of the same accessory food factor. The appearance preaented bj 
these animals was similar to the clinical picture of celiac diaease in children. 
No evidence of rickets was found m any ol tbe kittras. (See also Toser, 
BiodiMB. J. 15, 28, mi). 
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SubrtaBces found to hftve no ]>rev«i<iiw action agmt ridceto are: 
Sepumtor milkp bread, proton of meat, yeasty linseed and babaasu 
oils, and oeitoin bydrogenated fats. 

Subetanoee with well marked preventive action; Cod-liver oil, 
butter, suet. 

Substances with definite, btU slighter, preventive actum: Meat^ 
meat ejctract, mf\lt extract, lard, peanut , and olive oil 

In his Inter ])apcr Mellanby emphasizes the importance of the 
mutual relation of all tlic dietetic elements. 

Any condition whicii leads to laying on of tissue seems to necessitate 
a greater intake of antirachitic accessory factor to prevent rickets, 
while conditions which stimulate metabolism and increase the loss of 
heat relatively to the energy of the stored food, work together with the 
antirachitic acoeesory factor, and reduce the amount neoeeeary for 
normal growth. Exoeanve carbohydrate in the diet often leads to 
obeeity and lethargy; confinement worln in the eame diredaoo, and 
the diet' under these conditions must have more than the noimal 
amount of antirachitic aooessoiy factor to prevent the development 
of rickets. Proteins and exercise, on the other hand, are stimulants 
to m^bolism, and when the diet has a relatively high protein con- 
tent and the animals are active less antirachitic accessory factor is 
necessary. 

Hess report? a eape of five infants varjMng in age from five to 
twelve months wlio were given a diet which was complete except for 
a very small content of fat-soluble vitamin. Tlicy thrived on this 
diet for eight to nine months and showed none of the weii-estalslished 
signs of rickets. From this, Hess concludes that either a very small 
amount of this vitamin suffices to supply the needs of human nutri- 
tion or this deficiency has to be maintained for a period of years in 
order to bring about any harmful result. Hess does not believe that 
ricketo is brauf^t about merely by a deficiency of A, as this disorder 
developed in infants receiving large quantities of milk containing an 
ample supply of this vitsmin. Moreover, ii^ither cream nor the leafy 
vef^bles, both of which are rich m ii, are regarded as comparable 
to cod-liver oil as antirachitics.'^ 

**- HeM, Proe. Am. Soe. Bfidl. Cham^ J. BioL Ghem. 41, zxzii. 1920; J. Am. 
Med. Am. 76, 603. 1981. 

Hess and Unger (Proc. Soc. Exptl. Biol. Med. 17, 220, 1920) also finds 
that many dieta 8uppo«?d to be conducive to riokfts result in normal nutrition of 
infants. Condenaed milk, only exceptionally induced rickets. A " protein milk * 
mads by predpitatiiiK buttennilk irith hw( rapdaify led to tidtt/U, 1% oon- 
tained 0.44 per cent a^h in which Ca tad F Stood midway befewwn that of 
hnmtii and oofir milk; iti Ka oontsai wm em i^ber thu in earn milk. Its 
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That the curative power of cod-liver oil for lieketo** is not ano- 
ciated with Ito eonteot of A is hidieated by the work of Phcmiatcr, 
Miller and Booar,*" who found that phosphoms and eod-Uver oil and 
phosphorua alone had quite dmilar reeuHe. While it is not possible 
to make a definite statement without further investigation, the 
results so for obtained suggest that phosphorus may be as effeotive 
as the cod-liver oil alone. 

McCoUmn and his associates '* have published a preliminary com- 
munication on the production of skeletal derangements in rats by 
deficient diets. Certain of the pathological change? observed are 
identical with those seen in the bones of rachitic children, while others 
are sinukir to but not identical with these. They have proved that 
these conditions are imdoubtedly due to the diet alone, but hesitate 
to aacril)o them to one specific factor in the diet. From the ol>scrved 
results a low content of A, low calcium content, poor quality of pro- 
teins, and unsatisfactory salt combinatioiiti, acting together niay all 
be contributory causes, and as the condition can be induced in several 
different ways it is suggested that there may be more than one kind 
of rickets. 

Mackay has carried on a clinical investigation of fifty«one ra- 
chitic children, the results of which, while not entirely accurate on 
account of the conditions under wiuc^i the woik had to be carried on 
(through the outpatient department of the hospital) are in accordance 
with the view that rickets is a dietetic disease, ccmmonly developing 
in children receiving insuflicient fat and too much carbohydrate, 
especially when bottle-fed. 

An important contribution to this subject hns been made recently 
by Paton and Watson.'" These cxperimenterH found that a liberal 
allowance of milk fat, up to even 14 grams per kg;, of body-wei^'^lit 
does not prevent the onset of rickets in young dogs under ordinary 
laboratory conditions, whereas pups kept largely in the open air may 
escape the development of rickets on an intake of less than 1 gram of 
milk fat per kg. of body w^igiit. With scrupulouti cure an to cleanliness 

fat-eoluble vitamin content was high, the water-eoluble vitamin low. 

The factor v.hi( h ph's'? a rnlr in tlic f t;olofr\' of rickets is possibly a fourth un- 
identified dietary factor or vitamin. (McCollum, Dental CoamoB, 

*> Howlaad and Park, Tr. Am. Pediat. Soc. 1020. 

'3 Phemister, Miller, and Bonar, T. Am. Mrd. Ar-?. 76, 850, 1921. 

8« McCoUum, Siaomondi, Partona, Shipley and Park, J. Biol. Chem. 4fi, 

333, 1920. 

w Macinj» Biit. Med. J. 19B0, ii. M>. 

M PutoB aod WatMD, Bkit. J. Biptl. PafliQ]. a, 75-M» Ittl. 
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It ifl, at least sometimes, poaaible to rear pups free of riekets m the 

laboratory on an intake of only about 0.5 grams of milk fat per kg. of 
body weigbti akmg with bread, provided that the diet aff<nds an ade- 
quate 8U|>ply of energy. The energy value of the diet would seem to 
play a part in controlling the development of rickets, but that it is 

only a contributory part is shown by the development of rickets in 
pups with a high energy intake if confined without scrupulous care 
as to cleanliness. Milk fat may be reduced to about 0 3 grams per kg. 
of body weight, if its place is taken by nn equal amount of lard, with- 
out the onset of rickets. In view of tiiese observations it seems 
necessary to conclude that both environment and diet are irnj>oriant 
factors in the development of rickets, sometime:^ one, and eometimea 
the other, predominating in a particular case. 
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CHAPTER XI 



BBUBBRI 

The disease of beriberi has been common in the Orient for many 
years. The Malay States, Slam, Corea, parts of Japan, and the 
Philippines have all been extensively aflflicted witli it. Hoist ^ re- 
ports that of the ships arrivmg at Falmouth in the year 1900 item 
harbors south of 33'' North, 0.5 per cent of ihe EngUdi flhipfl and nine 
per cent of ihe Norwegian ships bad eaees of beriberi on boaid. Re- 
ports of the i&eMe have come from India, Afrieai* Bianeillee,* and 
Spain * Aocording to Ftaga,* erndendes have fieqnenitar been lo- 
ported in Braiil, althougli often imder other names. The fint serious 
outbreak in North Amerioa was reported by Little in Newfoundland 
and Labrador in 1912,* but occasional cases have been reported fmn 
tune to time in the South and West of the United States.' 

Simpson* has reported some interesting observations which seem 
to indicate that natives of certain localities may show a greater pre- 
disposition thnn others to this disease. Of different nationalities 
admitted to the beriberi hospital in Singapore, Chinese were six times 
as numeroiie as all others While the disease in its true form is of 
conmion occurrence among recent immigrant Chinese, it is practically 
unknown among Straits-born settlers in the colony. The disease is 
most prevalent among the coolie class, those employed on rubber es- 
tates being especially prone to infection. Certain areas in Johore 
were eonstantly found to fumisb the laifest number of patients. Dur- 
ing the same period, of a eonriderable number of sawmill ooolies ad- 

> Hoist, TV. Soc. Trop. Med. Qyg. 5, 76. dee abo Hoist and FrOUch, Z. f. 
Eyg. Infekt. 72, 1. 1913. 

* WjrdeoflM, BuU. Soe. Path. Emt Much, 1918. Quoted hf Jelliffe, J. 
Nerv. Mrnt Di^ 10, 1919. 

• Sicard, Roger, and Rimbaud, Pnns Med. Dec. 1, 1917. 

* Vinaon, Bull. Soo. Med. Maur. 1917. 

• Vng^ New Oti. Med. Suig. J. 1018. 

• Utile, J. Am. Med. An. 58. 2089, 1912; 63, 1287, 1914. 

^ For further details to the toposmphkai inoidaaoe of beriberi see Jdi* 
liffe, I. e. 

■ Simpson, Lancet, 1919, ii, 1087. 

* JapeaeM^ Jmaeea, Malign^ tad ImUmw. 
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uitted from a wide area no less than three-quarters were found to 
have come from one milL Of those employed at different trades, 

tailors alone account<?d for more than half. Inquiries into former 
dietaries of a considerable number nf beriberi patients, particularly 
as to tbo consumption of polished nee, showed no outstanding differ- 
ences between them and tbat of tlic Straits Chinesei who did not ap- 
pear to suffer from the disease in its true form. 

In this connect ion reference may be made to the suggestion of 
Dc Langen and Schut,^" that the liability of mhabitaiito oi tiie 
tropics to certain diseases may be due to the excessively high content 
of sugar in the blood. A defei^ive diet, they et»te, which in temperate 
climates would not be sufficiently deficient in vitan^ to cause beri* 
beii, miglit also in this way, in the tropics, induce that disease. 

A high incidence of beriberi among women is reported in the Fhilip- 
pinee, especially among mothers who are suckling babies. These 
women were found to be suffering from undernourishment, polished 
rice forming the greater part of their dietary. Their breast milk is 
poor in quality, to which is attributed the occurrence of beriberi in 
infants. Andrews induced several Filipino women whose infants 
had just died of beriberi to nurse 3'oung pups, and notxid that in all 
cases the latter failed to grow, because edoematous, and loet the use 
of their hind legs. 

Chemical analysis shows that human milk m bi ribt n differs very 
little in composition from the normal but it is lackmg in the anti- 
neuritic substance wliich is present in iiomial milk. Hirota " re- 
ports a few tases of beriberi in breast-ied luiants whose mothers did 
not suffer from the disease, which can only be explained on the theory 
that through some abnormality the essential factor was not secreted 
by the mammary gl&nd, although present in suffident quantity for 
the normal metabolism of the mothers. 

Beriberi was originally regarded as au mfection, flourishing in in- 
sanitary surroundings, but in 1880 Takaki, Inspector General of the 
Japanese navy, carried out an investigation which discredited this 
theory and pointed to a purely dietetic origin. Takaki found that 
as far as sadtary conditions were concerned the ships of the Japanese 
navy which were ravaged by this disease compared favorably with 
the European ships which were entirely free from it. The only pro- 
nounced difference between the Japanese and the European hyc^ene 

10 Dc Langen and Schnt. Oeneedc Tidisahr. v. Neder-Indie tn, 4m, 1910. 
Twp. Dis. Bull. 9, 259, 1917. 

u Andrews, PhU. J. Sci. 7B. 07. 
u Rirota, Zsni f. ina. Med. IC, S86. 
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was to be found in the food, the Japanese ration at that time contain- 
ing ft much larger proportion of carbohydrate food, whioh WM almost 
entirely in the fonn of polished riee. Just at this time a Japanese 
vessel had made a nine-months' cruise from Japan to New Zealand, 
Valparaiso, and Honolulu. Out of the 276 men on board 169 had 
developed beriberi, 25 cases being fatal. Takaki ssnt a second vessel 
ovtt the same route with a similar crew and identical conditicms ez« 
cept that a part of the rice ration was replaced by barley, vegetables, 
neat, and condensed milk. At the end of the cruise only 14 cases of 
beriberi had been reported, and these were all men yy\\n had refused 
to ofit their allowance of the new foods. As a rcfsiilt of this test the 
character of tlie ration thrniij^hout the Japanese navy was cr^iJually 
changed, in spite of the ditliculty of educating the bailors to new 
dietary habits, with the gratifying result that beriberi ahnost dis- 
appeared. Whereas previous to 1SS4 nearly 33 per cent of the 
marines suffered from beriberi, during the six years after the adoption 
of the new diet, only 16 per cent were affected, and later the nmnber 
of eases was raduoed to two or three a year.** This beneficial effect 
was ascribed by the Japanese authorities to the increased amount of 
protein in the new diet, but strange to say neither the observed facts 
nor the explanation made much impression on medical opinion, 
according to which the disease was still to be regarded as an infection, 
despite the fact that all efforts to check it by improved sanitation 
proved unnvniling. 

In 1897, Eijkmann, a Dutch physician who was medical officer at 
a prison in Java, noted that a number of fowls which h^ was main- 
taining for experimental purposes had developed symptoms curiously 
like those of bis human cases of beriberi. Careful observation showed 
that these symptoms were the result of an exclusive diet of polished 
rice, and that they disappeared on administration of rice polishings 
or substitution of hand-milled (" unpolished ") for the machine- 
milled nee.'* The name polyneuritis galliuarum was given by Eijk- 
mann to the derangement as manifested in birds, and is still used to 
designate the avian dissase, although practieally all the latter re- 
searehes tend to confirm the identity of this disease with human beri- 
beri. Fragat** however, dissents from this view, on the basb of an 
experiment in which a diet of polished rice, or polished rice plus either 
sterilised rice or sterilised beans was fed to nine eonviets in solitary 

13 Oshima, Bull. 180, Office of Exp. Sta. U. S. Dept. Agric. 1905. 

" Eijkmann, Arch. f. path. Annt. 148, 523; 149, 197, 1S97; Arch. f. Hyg. 58, 
160, 1906; Arch. Sdufis. u. Tropen-Hyg. 15, 099; 17, 328, 1913; Zeotr. Biooh. 
Biophys. 12, 605. 

» Ftaga, BniO, Med. SB, 4B, ino. 
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confinement, who volunteered for the experiment. The Ft«rilize<i diet 
was distasteful to the subjects and was dropped at the thirty-sixth 
day on account of the onset of digPFtive disturbances, although no 
nervous disturbance developed. Auotijcr group remained tin the diet 
for 43 days without the appearance of any symptonis. These rations 
produced typical polyncuiiiis gallinarum in fowls. Fraga concludes 
that avian polyueunti:* and human beriberi are distinct morbid iden- 
tities, but that dietary deficiencies act as a predisposing cause for 
b6vib6ii in iD&n. 

Starting with the afleumption that the pdiehed rice diet was in some 
way iMpondble for the onset of the disease in fowls, Bijkmann in- 
vestigated the diets in the Javanese prisons. 

Taidng the prison population at nearly ZOOfiOO, there was one ease 
of beriberi per 10,000 among those living on unpolished rice, 416 per 
10,000 among those living on a mixture of polished and impolished 
rice and 3900 per 10,000 among those on polished rice. Experiments 
showed the missing clement in the rice to be found in the layer of 
tissue under the husk known as silver skin, in the embryo, and in the 
bran. From these investigations, Eijkmann concluded that the sub- 
stance which was removed neutralized another factor in the whole 
which was harmful. 

Eijkmann's observations have been repeatedly conlimicd botii with 
fowls and with human subjects. Fletcher,^" by experimenting with 
the diet in a lunatic asylum, demonstrated that when 28 ounces of 
rioe was fed daily with only small amounts of other food the onset of 
the disease depended solely on whether the rice used was polished or 
unpolished. Fraser and Stanton ^* showed that the disease appeared 
among Japanese codiee after 80 to 90 days on a diet consisting 
mainly of polished rice, whereas a similar ration of impolished rice 
appeared to confer immunity. Grieg ^ studied beriben in India and 
also experimented with pigeons. He noted that those living mostiy 
on polished rice and highly milled wheat showed much greater pre- 
disposition to the disease than those whose diet was more varied. 
Pigeon? fod upon polished rice developed polyneuritis, while those fed 
on a mixture of wheat and pulses showed no symptoms of funrf innal 
disturbances. Couzien^* reported cases from Tonkin, whicii dis- 
appeared when the wliite rice in. the diet was replaced by fresh hand- 

^* Quoted by Sherman, " Chemistry of Food and Nutrition/' 2ad Ed. p. 

aao. 

Fruer and Stanton, Btudiei from Inst for Med. Bee. Fed. Malsj Btetes» 

N08. 10 and 12; Lane. 1909, 1, 451. 

1" Grieg, Pri. Mem. Med. San. Dep*?' India N ser. 1911, No. 45. 

1* Couzien, Ann. ^yg. Med. colon, io, 445 ; Zrenual. Bioch. Biophys. 14, 909. 
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milled rioe. Cooper and Braddon** demonstrated thai the time of 
onset of polyneuritis in birds varied inversely with the quantity of 
polished rioe fed to them.*^ 

The prevalence of this disease among the Philippine scouts led to 
interesting dietetic experiments by Chanoberlain and his associates.** 
When their investigation began Uie customaiy ration consisted of 12 
ounces of fresh beef or its equivalent in bacon, canned meat or fish, 
8 otrnces white flour or bread, 8 ounces potatoes or onions, and 20 
ounrpf? of rice (polished). The only alteration made wfi<j the substi- 
tution of 16 ouncea of unpolished rice and 1.6 ounces of dried beans 
for the 20 ounces of polished rice. Chamberlain states that the 
change to unpolished rice would have been unnecessary if they could 
have ensured the regular consumption of the bean ration by all the 
men, since even this small quantity of beans wui quite sufficient to 
afford protection. In the course of two years after tliis change of 
diet the disease was practically eradicated. 

Cos ** reports that the Bureau of Science began to prepare ezfcract 
of rice polishings in 1914, in which year 889 children under one year 
of agQ died of beriberi in Manila. Since then the amount of this .ex- 
tract used has steadily increased, with conespoodmg decrease in 
fatalities until now the only deaths from infantile beribeii recorded 
are a few cases in which illness was not reported to the health authori* 
ties until too late for treatment, as compared with the mortality of 
96 per cent of all children attadsed in 1914. 

Evidence soon accumulated sliowmg that rice was uot the only food 
due to which beriberi might develop. Vedder and Clark " and 
Ohler " showed that typical polyneuritis developed in fowls fed on 
a diet of white bread or bread and rice.'* Little " described out- 

Cooper aad Braddon, J. Hyg. 14, 331, 1914. 
n See alio Weill tad Konriqtumd, Bull, de U. too. ped. 16; J. Am. Mad. 

Am. 62, 1510; Strong and Crowell. Phil. J. Sci. 7B, 271; Vedder, /b. 416; 

Punk. Z phy? Chrm S9. 373; Fargier, Ann. Hyg. Med. Col. 15, 491; DeMello. 
Loundro, /itxl Rebello, Anals. Scient. da Fac. de MeH. do Porto, 4 fJ, 1017; 
McCarrison, ind. J. Med. Res. 6, 275, 550, 191d; Riddell, Smith, and Igara- 
vides, J. Am. MM. Am, Feb. S3, 1919. 

" Chamberlain. PhU. J. Sci. 63, 133, 1911; J. Am. Med. Am. 64, 1215, 191S; 
Chamberlain ami Vedder, Phil. J Sri. 6B, 25, 395; Chamberlain, Bloom* 
bergh, and Kilbourne, lb, 6, 177; Cbamberlaio, V«ddcr and Williamit lb, 
7B, 39, 1911-12. 

»• Cox, AbbL Bep. Phil. Bur. SeL 1018. 
Phil J. Sci. 7, 423, 1912. 

»• Ohier, J. Med. Rp^ 31. 239 1914. 

^ See «l«o Wellxuan and Baaa, " Polyoeuntia gaiimarum cauaed by Dif- 
teeni Voodetadbb'* Am. J. Trop. Dii. and Ftav. M«L 191S, i 199. 
LttlK J* Am. Med. Am. m, 9089, 1919; 6«, 1987» 1914. 
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breaks of the diaeaae Sn Labrador and Newfoundland wMeh he 
attributed to the diet of white bread, molasBefl, and fiah upon which 
the inhabitants lived. While the only flour available was the product 
of the rough mills of the ooimtry, beriberi was unknown, but wfaoi 
the bolted flour of the modern mills became common, outbreaks of 
beriberi followed. It is told that in 1910 a ship ran ashore, laden 
with a cargo of whole meal wheat flour, and in order to lighten her 
a considerable portion of her load was removed and was subsequently 
consumed by the people in the adjacent district? The result was that 
no case of beriberi was reported in that region for a period of one 
year following this event. 

Parker" has reported an outbreak among the prisoners in a jail 
at Elizabeth, N. J., where white bread had been used as the main 
staple of the diet. 

More recently caseii of beriberi have been reported among the troops 
at Kut-el-Amara during the siege from December 4th, 1915, to April 
29th, 191fl. During a large part of the time the British garrison were 
restricted to white flour or biscuits and tinned meat or horseflesh, and 
many fell a victim to the disease. The Indian troops, on the other 
hand, ate either barley or ** atta " flour (containmg the aleurone layer 
of the wheat grain) , which served to protect them against beriberi, 
although owing to their refusal to eat meat they suffered from scurvy 
from which the British were free.'* 

Two forms of beriberi are described, the "wet" beriberi in which 
there is much swelling of the tissues, and the " dry " beriberi in which 
all the muscles of the body are atrophied and the patient becomes 
entirely helpless. In both forms the eariiest symptoms are kss of 
appetite, fatigue, depression, and slight fever. Vomiting and diar- 
rhoea are f requenOy reported, and Barbe ** found a severe duodenitis 
in a number of his fatal eases. Riddell, Smith and Igaravides,*^ 
reporting on 60 cases of beriberi at an army base hospital at San 
Juan state, however, that gastric disturbances were uncommon, only 
seven cases of nausea being reported and these at the onset and for 
a few days only. In their experience the symptoms began in almost 
every case with a numbness over the legs, usually over the shins first 
and gradually spreading over the calves and upward to the abdomen. 

M Parker, Pub. Health Rcpta. 29, 339, 1914. 

*• Fi r further detailH of epidemics reported from 1891 to 1917 see De Mello, 
Loundro and Rabeilo, Auai^. Scieat. da Facul. de Med. do Porto, 4, 6, 1917. 

Barbe, Arch. Med. Fharm. Nav. Jmw, 1918, quoted by J«Iliffe» J. Nenr. 
Ment. Dis. 49, 622. 

n RiddtU, Snith, and Igararides, J. Am. Med. Am. Feb. 22, 1019. 
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Pain was invariably observed in the calf muscles, these being usually 
tlie first to be affeetod. Only eleven iMitients showed any fever, and 
in these eases it was slight and lasted only a few days. 

In the later Btages there is great exhaustion, difficulty In breathing, 
multiple neuritis, paralytic symptoms, frequentiy followed by deatli. 

The symptoms observed in fowls and pigeons are veiy similar. 
Within three weeks birds on an exclusive diet of polished rice usually 
show signs of weakness, followed very quickly by paralysis. Their 
necks are retracted, and they roll helplessly round their cages. With* 
out treatment death follows very shortly, but with proper treatment 
their recovery is dramatic in its suddenness. Microscopic investiga- 
tion of the tissues of a polyneuritic bird shows extensive peripheral 
degeneration of the nerve cells, even in the case of fowls which are 
killed before the symptoms of neuritis have manifested themselves."* 
McCarrison *■ finds that the oedema (swelling) characteristic of 
" wet " beriberi appears m ihe avian polyneuritis also, and is asso- 
ciated with pronounced increase in the size of the adrenal glands and 
greatly increased production of adrenalin, although the amount of 
adrenalin per gram of |^d is aetually slic^tly less in wet beriberi 
than in dfy beriberi or in normal health. In 100 per cent of the 
cases of wet beriberi the quantity of adrenalin greatiy exceeded that 
found in health, and in 83 per cent of these cases exceeded that found 
in diy beriberi. 

Sicard, Roger and Rimibaud ** point out that the cerebellar symp- 
toms common in polyneuritis of fowls are not seen in human henr 
beri, and for that reason they are inclined to doubt whether the avian 

polyneuritis is actually identical with human beriberi. 

The same general rondition m:\y ho indiirofi in s'.vinr,'"* rats,'* doga 
and cats.*^ According to McCarrison,*"^ although :i diet of auto- 
claved milled rice is fatal to monkeys, these animals die without devel- 
oping the typical symptoms of polyneuritis, but Gibson" reports 
that of three monkeys fed on a mixture of white rice, with the addition 

«» Vedder aM<! Clark, Phil, .1. Sri. 7B. 423. 

»» McCarrison, Proc. Roy. isoc. ^Ib, i03, 1920. 

M Sicwd, Roger tad Rimbaud. Ptar. Med. Dee. 1, 1917. 

« Hart and McCoIlum. J. Biol. Chem. 19, 373, 1914; Hart, Halpin, and 
McCoUum, lb., 29. m. 1917; Rommel nnr! Vedder, J. Ag. Res. 6, 489, 1915; 
J. Ind. Eng. Chem. 8. 199, 1916; De Lacerda. Berl. kUn. Wechnschr. 23, 159. 

»• Steenbock, Kent and Gross, J. Bid. Chem. 35, 61, 1918; Bmmett and 
AUen, Proe; floe. Btd. Chem. J. Btol. Omul 41, liii, MM. 

Karr. J. BioL Chem. 4i, 377. IW; Yoegdia aiid Uke, Am. J. VhyauA. 
47. 558, 1918. 

»■ See p. 173. 

QibMO. Fhil. JT. Bd. SB, 351, 1MU4. 
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of sufficient aalt mixture to make up for the mineral defieiencies of 
the riee, one developed typical symptonu of beriberi, while the other 
two lost weight and suffered from malnutrition^ but without neuritie 
Sjrmptoma. 

Voegtlin and Lake^ describe the following symptoms produced 
in cats and dogs by an esdustve diet of lean beef heated for three 
hows at 120*^ C. in the presence of alkali: Diminution of appetite, 
constipation, loss of body weight, weakness and sometimes drowsi- 
ness, followed by paralytic symptoms, tonic convulsions, spasticity 
of certain groupe of muscles and disturbances of the circulation and 
respiration. 

More recently^ Karr *^ induced severe polyneuritis in do^^ by feed- 
ing them vitamin-free diets of casein, sucrose, lard, bone ash and salt 
mixture. The symptoms induced were comparable with those ob- 
served by Voegtlin and Lake. The animuls first vomited, became 
inactive and refused their food, then lost the power of walking or even 
standhig. There were often tremors and twitching, with the head in 
motion, and occasionally severe tetanic convulsions/* 

Weill and Mouriquand ^ report that in ad<tition to the acute f onn 
of polyneuritis which develops in fowls after 20 to 25 dajrs there is 
a chronic form which develops more slowly and which may be pro- 
duced by a diet consisting of a mixture of raw and sterilised cereals 
(barley, com and rice) . The clironic condition was characterized by 
initial paralysis of the wing followed in some cases by paralysis of 
the feet. These sj'mptcms were associated in certain instances witti 
degeneration of the bones. The sjniiptoms did not disappear when 
the sterilized cereal in the ration was replaced by raw cereal, nor did 
they yield to therapeutic administration of the portions of the cereals 
containing the antioeuritic vitamin. Id the acute experimental poly- 
neuritis recovery was observed within a few hours after ingestion of 
raw cereal, bran or injection of vitamin. The investigators conclude 
that in the acute form the paralysis was due solely to a disturbance 
of the nerve centers which is chemical in its nature, whereas the 
ehronie form appeared to be dependent on profound nerve degenera- 
tion. The paralysis was "functional" in the former ease, and 
" lesional " in the latter. These observations are confirmed by La- 
picque from his own experiments with mice. Suguira'a observa- 
tions^* that extracts of fresh carrots and the crystalline preparations 

40 Voegtlin and Lake, Am. J. Fhyaiol. 47. S68p 1918. 

Karr, J. Biol. Chem. 44, 277, 1921. 
*2 For fnrthrr dr tail^ of the pfltect of neuritis-producing diets see p. 171 and ff. 
** Weill and Mouriquand, C. r. soc bid. 81, 433, 1918. 

Smoin, J. Biol. Chem. 86, 196, 1918. 
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from yeast may cure polyneuritis in those ca^s where the disease haa 
developed quickly (in aboul 2U days), while these substances were 
powerless in cases where the symptoms came on dowiy, might also be 
intaimtod u indicating two diakinet tgnDea of diaeaae.^ 

As has been poanfcsd out above, the earliest theory of the origm of 
beriberi was that of an infection. This theoty passed into general 
disrepute as the relation between the disease and the diet was dearly 
demonstrated by the work of many investigators. Moreover, all 
effortj? to transmit the disease from n polyneuritic animal to a healthy 
animal on normal diet or to trace the spread of infectiou from sick 
to healthy have failed." Nevertheless there are still a few adherents 
of the infection theory. Wydooghe describes an epidemic occur- 
ring in the African valley of Lukuga in which certain areas or. centres 
of infection appeared to exist. Alteration in tlie diet in these centres 
did not cut short the epidemics, and the diet is said to have been prac> 
tically uniform throughout the region at all seasons, in spite of which 
the disease was strictly localised and periodic Also, outbresks 
occurred apparently as the result of camping on old grounds which 
had pieviously been mariced beriberi centres. Wydooghe believes 
the disease is due to an infecting germ which is possibly carried by 
some insect agent, and which is present in the blood for a short period 
only, so that the propagation of the disease is difficult outside of the 
epidemic centres and where the carrier is absent. Barbe'* likewise 
finds a purely dietetic hypothesis unsatisfactory, and is inclined to 
attribute the disease to a microbic infection, possibly involving the 
duodenal passages, which is favored by an intoxication derived from 
the food and by unhygienic surroundings. Sprawson " believes that 
the conditions known as beriberi may arise from difTerpnt causes 
under different circumstauceis, the clinical appearance being approxi- 
mately the same in all cases. One class of cases is due to a vitamin 
deficiency, while another appears to result ironi an infection.'" 

McCarrison'* endeavored with some apparent success, to isolate 
an organism which would induce beriberi, but Williams and John- 
ston "* failed to confirm his results. He himself concluded that vita- 
ls See abo WiUians. J. Biol. Gh«n. 38^ 487, mo. 

Breinl, J. Trop. Med. 19, 139, 1916; Slcard, Rog«r, tad Rimbaud, Turn, 
Med. Dec. 1, 1917. 

*" Wydooghe, Bull. See. Path. Exct. March, 1918. 
M Birbe, Arch. Med. «t Fharm. Nav. June, 1918. 
Sprawson, Quart. J. Med. 18, 887, 1990. 

See also Hopkins, Roy. Soc. Med. Sect. Then FbaniL Lane. 1919, ii, 979. 

»» McCarrison, Ind. J. Med. Res. 2, 369, 1914. 

•* WUliams and Johnston, Phil. J. Sci. IQB, 337, 1915. 
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min deficiency was an essential factor in the origm of beriberi, but 
that Bucb deficiency is so rarely complete as to be the sole agent 
reepoDsible for it» and inf eekious and parasitic agents are often im- 
portaat causes determining the onset of the Qrmptoms. Bacterial 
orgsmsnts, of whatever kind, that may be isolated from the blood in 
human bcariberl, may invade the blood and tismes under conditions 
of dietetic defidency, and thus convert a stete of potential into one 
of active disease. Since such organisms are not the true cause of 
the malady they cannot be expected to produce it in inoculation ex- 
periments. "They are but weeds whidi flourish in the soil made 
ready for them by dietetic deficiency."*-' 

Shibayama " came to somewhat the same point of view from his 
study of beriberi in Japan. While a monotonous and one-sided diet 
may give rise to the onset of the symptoms, he is im willing to grant 
that this is the true cause of the disease. The symptoms and anatom- 
ical changes seem to him to develop from intoxication by a poiaoo 
which is produced by a certain micro-organism in the body, especially 
in the intestine. 

Lebredo has reported experimente which demonstrate the eodst- 
enoe of an extremely persistent bacterial organism which he believes 
may be respoosiUe for the production of a beriberi toxini'' but these 
experimente also lack confirmation at present. 

The early investigators who studied the connection between beri- 
beri and a polished rice diet, noting the resemblance between the poly- 
neuritic symptoms and those of an intoxication, reached the conclu- 
sion that polished riee contained some toxin either inherent in the 
rice or produced by the action of moisture or a fungus growth.'* It 
has been frequently demonstrated, however, thnt the onset of the 
disease is not dependent in any way upon the use of spoiled or fer- 
mented rice, nnd the theor>' of a toxic substance naturally present in 
the rice grain v,u3 entirely disproved by the work of McCollum and 
Davis," who showed that on the one hand substitution of dextrin or 

Clair (Bull. soc. paihol. expt, IS, 191, 1920) claims the conditioiiij pro- 
duced in pigeons by feeding with polidMid liee have no connection with beriberi. 
Ib human beings the disease is alleged to be due to tacdc ptodiiets of beeterial 
decomposition of rice. It is thus regndod M aa fafectuNii dfurasfi, tfi^ mft the 
agent ints not yet been isolated. 

'3 Shibayama, J. Trop. Med. Hyg. 16, '2Sd, 1914. 

Lebff«do» Proe. Sad, Fan. Am. 8ei. Goog. Sect. 8, pt. 2, p. 20. 
Braddon, '*Tbe Oawe and Prevention of Beriberi," 1907; Consieii, Ana. 
hyp med. colon. 16, 445; Zentr. Bioch. Biophys. 14, 909; Caspari and Moskow- 
ski, Bed. kim. Wchnachr. 1913, 1, ii, 1515; Williams and Johnston, Phil. J. Sci. 
IQB, 337. 1915; Qoto and Takahata Chuo, Igaku-Zaashi, 25, 575, 1918. quoted 
by Xrant, J. Tok. Chan. See. 41, 1980. 

M If cCoHob aad D»ili» J. Bid. Ghem. 98^ 101, lOU. 
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purified eaaeln for half the latum of polkhed rioe caused no Improve- 
mesA in the oondition of rats who had begun to dedine on a diet of 
rioe alone, and, on the other hand, no toode effect was produced by 
the Inclusion of as much as 80 to 90 per cent of polished rice in the 
diet, provided egg, milk powder, or wheat embryo were fed at the 
genie time. 

A variation of this theory of intoxication is found in the hypothesis 
of Walshe,'^ who believes that there are two factors responsible for 
beriberi, one of which is vitamin deficiency and the other an intoxica- 
tion due to the fibnormal hydrolysis of carbohydrates with the forma- 
tion of toxic ]iroduct8. According to Walshe the beneficial effect of 
the rice puiirilungs and similar curative substances is due to the vita- 
mioB present which play some undetermined role in regulating the 
carbohydrate hydrolysis, while the earlier intoxication theories as- 
sume the prcscuce ui bome substance in the bran which neutralized 
the to3dns of the rioe. 

Schaumann *" noted an abnormality in the phosphoric acid content 
of the utine of beriberi patients, and concluded that beriberi was eon- 
neeted with faulty phoephonis metabolism, a view with which Mos^ 
kowsid ** is in accord.*** The evidence on which this view is based is, 
however, capable of another interpretation.** 

In 1911, Funk took up the study of the disease and developed his 
vitamin theory according to which beriberi and polyneuritis are 
caused by deficieney of vitamin B.*^ 

n WslahA, Quart J* U«d. 11, m, 1918. 

sa Schmmsn, Afch. ScliilEMi-'nopeiiliyi. 12, SBS; GhMD. Zentr. IMS; ii, 

1066. 

B» Motkowski, Arch. Schifis-u. Tropcnhyg. 15, 653, 1912-13. 

Tile beli^ that in the abMii«e of vitamin B and the aubMquent d«velop> 

ment of beriberi there ia a breakdown in metabolism, more particularly in re- 
gard to the mctaholis'm of carbohytiratr?, has !cd Findlajr (Biochem. J. 15, 101. 
1921) to determine the giyoxylase content of the liver in avian beribpri ; for 
glyoxylaae plays an important part in carbohydrate metabolism, ihe results 
cbtaiaed msgMt that ia pigeons eufferiag frann beriberi then it, tm eonnpaved 
to oontrol birds, a reduction in the glyoxalaae Mnt«it of the liver. Hie adminie- 
tration of vitamin B produces a de6nttf^ inrrcase in the amoxint of giyoxylase. 

^ See p. 79 on the relation betwetu vitamin and P^O^ contents in grains. 

<^ Fnok end Cooper, Lane. Ifll, ii, 1266; Punk, Tna». 800. Ttop. Med. S, 
86, 1911 ; J. Physiol. 43. 395. 1911 ; Ib^U, 50; Ih^ 45,16, m, 1S12; /b, 4S« ITS; 
Proc. Physiol. Soc. J. Physiol 17, XXV., J. Physiol. 48, 228. 1914; lb., 63. 247, 
1919-20; Punk and von Schonbom, lb., 48, 328, 1914; Funk and Douglas, J. 
Thysiol. 47, 475; Funk, Eigebnias. d. PhysioL 13, 125, 1912; Z. physiol. Chem. 88, 
883, 1913; »,m,m, 1913; h State Med. 39, 811, 1918; Farm. J. 89, 361; Brit. 
Med. J. 1919i i. 814; Bio6h. I. 7. 81, 811, 1918; Fuak end MacaUna, Ib^ 7, 
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Bke 9M it oamee from the thresher (" paddy " rice) is enclofled In 
a bull which must be removed by grinding the rice between stones, or, 
as in Buimahi in a larger mortar. The grain produced by this opera- 





• *Padd/Riu. 



)lu*Brown R rce" f rem 
whUithcHulbhntbam 
Removed^ 

Fw. 8 



0^ 

c.'poiisiw(ipic«r 



tion is brownish in oolor and consists d two parts, the endosperm and 
the embryo or germ. The whole is surrounded by an outer layer, the 

pericarp or " silver-skin," next to that 
is a layer rich in protein, known 
as the aleurone layer, and within this 
lie the starch grains. In a little pocket 
-Starch Grains formed by the aleurone layer at the end 
■Aleurone layer and to one side is the embryo. In order 
to remove the brown eoat and thus meet 
the demand for a whiter rice grain 
millers have had recourse to more or less 
elaborate machines in which the grain 
passes through leather rollers which rub 
off the outer layer, the embryo becoming separated feom the endo- 
sperm at the same time and being discarded with the polishings. 

Polished rice has the advantage that it keeps better than impolished 
rice, which is likely to be infested with weevils and other insects.'* 

The change in the chemical composition of the rice due to the polish* 
ing process is shown in the following table:*' 

Hulled Per ont PqIhIimI Fv etat 




-Pericarp 
'Embryo 



FiQ. 9. — Rioe Grain 



Water 12j00 

Frotoia 7J0 

Fat 2.00 

Starch, sugar, and gum 76^ 

Celluloee IXK) 

IJOO 



12j«0 
«J0O 

0.40 
77.40 
0^ 



356, 1913; Z. f. physiol. Chem. 92, 13, 1914; Naturwiss. 2, 121, 1914; Die Vita- 
mine, Weisbaden, 1914; Funk and Macallum, J. Biol. Chem. 23, 413, 1915; lb., 
27, 1, 1916; Funk, Lyle, and McCatkey, J. Bid. CSiem. 27, 173, 1916; Funk, 
Bioeh. BuU. 4, »«, 1015; S, 1, 1010; Poak and Dabia, Sai. 0, lOBO. 

•* See Ottow, " Testing, Storage, aad Pkepamtaon of Unpoliihed RSea," 
Natuur. Tyjds. Ned. Indie, 74, 143, 1915. 

** U. 8. Dept. Acriculture, Bureau Chem. Bull. 45. 
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Protein, fat, and mineral matter are all reduced by this procesd, and 
in addition the vitamin B which is present in the germ and in the 
pericarp and aleurone layer of all cereals** la entirely removed. 
According to Funk it la the kea of thk factor wUch leaves poliahed 
rice 80 muniited to fonn the chief part of the diet.*** 

Vedder ** mggeate the eodatenoe of two vitanuna, defimency of one 
resulting in dry beriberi, and deficiency of the other canring wet beri- 
beri. He bases this hypothesis on the fact that while the administra- 
tion of unhydrolysed extract of rice polishing to cases of wet beriberi 
results in the prompt relief of the symptoms, in caaes of dry beriberi 
administration of this extract is followed by little or no improvement 
in the paralytic symptoms. The ndminiftrntioTi of Funk's b?\pe 
to cases of dry beriberi prndurc? iinrnediiitf iniproveincnt in these 
cases as well as in polyneuritis gallmariim, from which Vedder con- 
cludes that dry beriberi is caused by the deficiency of this substance 
in the diet, and that dry beriberi of man and polyneuritis gallinarum 
are essentially the same disease. Since wet beriberi, on the other 
hand, was cured by the extract represented by the iiitrate from the 
phosphotungstic precipitate which does not contain Funk's base, Ved* 
dec condiides that wet beriberi is caused by deficiency of a different 
substance in the diet and that dry beriberi and wet beriberi are differ- 
ent diseases, deficiency of a separate vitamin being responsible for 
each. 

McCollmn and Davis *^ made a complete study of the nutritive 
deficiencies of polished rice and found that it niust be supplemented 
with additional protein, mineral salts, and both vitamins A and B in 
order to secure normal development. Experiments with other food- 
stuffs have shown that deficiency in any one of these factors is suf- 

•« Sep p. 78. 

Sawamura (Japanese Patent 36,720, July 6, 1920) found the eailir> o of 
rioe to afford the loUowiog aDal3rtical results: water 5.73, onide protein 24.30. 
cradt hi aOJ3, leoitliiD OM, mgan 10.79. stanh 14j80, orade flb«r and aob 
13 17 per cent. It contained a large quantity of vitamin. By trcatiag with 02 per 
cent caustic 8oda solution the protein and fat, etc., in the embryo go into iite 
solution; while, udng 0.1 per cent hydrochloric acid, calcium phosphate, vita- 
nia, ete., aie obtained in the eolutian. The two solutioos sie oiiiwl together 
and a small quantity of lime water is added. The precipitate thus obtained ia 
collected, wa.shed with water and dried. It contain;^ n larpr qimntity of vitamin 
and water 4.87, crude protein 41 55, cm if^ fat containmg lecithin 46^, uh 
3.86 per cent, F 1.19 per cent and CaO 1.U0 per cent. 

•i Vedder, ^BefOMii,** K. T. 1913; Tne. tad Pan Am. 8d. Cong. Beet 8, 
Pt. 2, p. 26; Vedder and Clark, Phil. J. Set. 7, 1919; Vedder aad WltUams, Ib^ 
8B, 175 1913. 
See p. 121. 

w KcCoUmn and Davis, J. BioL Ghem. 33, 181, 1915. 
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fident to limit srowth, but only in the absence of B aie polynMirltle 
symptoniB aeen. A supply of this factor, either from rice polidun^, 
wheat embryoy yeasty or eome other eouioe, brings about rapid le- 
coveiy from the disease and provides protection against its onset or 
recurrence. 

In the milliDg of wheat the bran and embryo of the wheat grain are 

removed as are thoee of the rice, although the process is different 
The finer and whiter the grade of flour the more completely have the 
vitamin-bearing parts of the grain been removed. Where bread made 
from such flour forms a comparatively small part of a generous mixed 
diet tliis deficiency is unimportant, but where the bread forms the 
greater part of the diet, as was true of the case^ iu Labrador and New- 
foundland reported hy Little (I. c.) serious results may ensue. 

The work of Funk and others on the isolation of the antineuritic 
substance from rice polishings and other sources has been referred to 
elsewhere.** While of great interest from the purely scientific pdnt 
of view these contrihutloiu are much less importiknt practically than the 
determination of the distribution of this substance in the natural food- 
stuffs.** Sinoe it is found m abundance in the cheapest foods, cereals 
and legumes, provided only that these have not been robbed of their 
store hy the misguided efforts of dviliied man to " improve " them, 
there is no reason why even the poorest races of mankind should con- 
tinue to suffer from the ravages of beriberi. Repeatedly change of 
diet has been shown to result in the eradicaUon of the disease from a 
community.^" 

Vedder ^* points out thnt in the reports of cases which are pup- 
posed to discredit the dietary hypothesi? the statements regarding 
the diet on which the disease has been developed are too vague to be 
of any value. 

See p. 121 nnd fl. 

•• See pp. m-aa. 

Van Lseat^ AtA. de Hed. NaT. 18II7» Get. p. Ml. Commuiiieatioii iur 
le Beriberi, Cong. Intemat. d. Sc. Med. Amafe, 1880, ti, 170. etc.; Vordflmaa, 

Onderzoek naar het verband tusschen den aard der rystvoeding in de gevan- 
genissen op Java en MaHopra pn het voorkomcn van beriberi onder de printer- 
needea. Batavia, 1897; Takaki, Three Lectures on the FreservatioD of Health 
Amongit the PenoBnel of tiie Japaneae Navy and Aimj. Laneet, 1906, 1, 1960, 
1451, 1520, etc.; Fletcher, Joum. Trop. MecL and "Bys,. 1909, xii. Lancet, 
1907, i, 1776, etc.; Highet. Philippine Tonm Sripnce 1910, v. 73; Weiser. 
PhihppiDe Jour. Science 1911, vi, 1237. Also Jom. Am. Med. Abb. 1911, LVI, 
1238; These, Ann. d'Hygiene de Med. Cot. 1010, xiii, 16; Chamberlain, Philip- 
p&M Joun. fldenee, 1011, vi, 138; Vedder, Beriberi, William Wood aikd Co., 
New York, 1913. 

n Vedder, Am. J. Trop. DIb. and Piev. Med. 1014, i, 826; Fkoc 2nd Pan 
Am. 8ci. Coog. Sect. 8, Pt 2, p. 23. 
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"Any such commiinicntioii to be worthy of attentiou should con- 
tarn a detaikd statement ol tiic food actually consumed by the 
affected persons, for the 90 days prior to the devdopment of the 
diseaaei showing eompoiients, quantities, and a statement as to 
whether the artieles used were fresh, eanned, or otherwise preserved." 

While the antaneuritie vitaimn is so widely distribited that it is 
easy nnder ordioaxy oircumstaneee to secure a diet which contains 
sufficient of it, there are times, as in the rationing of armies in the 
field— when it is highly advantageous to have a concentrated supply. 
Where possible the use of whole meal flour from rye, wheat, or bar- 
Icy, or the liberal consumption of peas, beans, or lentils is recom- 
mended. Hulshoff " reports from his study of the dietetic treat- 
ment of beriberi in the Dutch West Indies, that large amounts of 
puree of peas had an immistakabiy curative action on beriberi. As 
much as 150 g. of the puree three times a day was required, however, 
smaller amounts showing no benefit. Oatmeal had a similar lallu- 
ence, but 125 g. tiiree times u day was necessary. Europeans re- 
quired a little less. A native bean seems also to have a like action. 
' It is to be remembered that these substances lose their efficacy with 
age, three-year-old beans having been found quite inert 

INTuts in general are rich ui antineuritio, and Grieg ^ recommends 
ground-nut (peanut) meal biscuit as emergency rations for the troops. 

Conunercial wheat germ ia highly efficacious, bemg three or four 
times as potent as dried peas or egg yolk which come next in order. 
A pr«|>aratioii of yeast produced under special conditions according to 
researches carried out under the British War Office aiKl known as 
" marmite " was used a? nn antineuritic by the British troops in Meso- 
potamia during the war and was found t-o bo equivalont to wheat germ 
in efiicacy.^^ Autolyzed yeast is more elective than pressed or dried 

" Pol» Nwak. Mag. LMfivideoAabea 77, No. 1, 1916, J. Am. Med. Amoc. 

66, 696. 

CSrieg, Ind. J. Med. Res. 6, 143, 1818. 

^ Abderiialden (Arch. gea. Physiol. 178, 260, 1920) induced polyneuritic in 
pigeons by ooDtinootM feeding upon poluhad rioe, and the thempeutie effeeta 
of various fractions of yeast were measured. What Abderlialden terms the 
*' nutramine " of dried yeast can not be completely extracted by absolute alco- 
hol, by acetone, or by a combmation of these two extractires. The extracts 
ci ywflt given to pigeooa on a tice diet ameliarate oertaia flgrmptoma of the dis* 
tuifoaOM but they fail to provide a complete regimen. Apparently thefO 10 
some sub«t<\nc<?, of an insoluble nature, in the yeast which is effective in OOm- 
bating the disturbances associated with a polished rice diet. 

Pigeons were for two weeks on a diet consisting exduaivdy of polished 
riee and at the end of this period thcQr pfoowttod the ebaiiotariafeio manffttita- 
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yeufc.** Saleeby ^ prepared an extract of autolyied yeaet by plaokiK 
Inewers' yeasty separated from the adhering beer, iii an inoubator at 
35^ C. for about 48 hsmn, filtering, and concentrating the filtrate 

under reduced pressure at a temperature below 60° C. to about one- 
third of the original volume. About 40 cases of beriben (five of them 
children under two years) were treated with this extract, adults being 

given 15 to 40 cc. three times a day, t hildren two to four cc. every 
three hours. All acute symptoms of neuritis were nffected in less 
than three days. Infantile symptoms were cured with coini)arative 
rapidity. Hydrolyzed extract of rice poiishmgs produce a siimiar 
and even more pronounced effectJ" 

tiont of elimmteiy ^ratroiibsr. During the period of tlw npmamt, hodj 

weight, temperattire and gas metabolism determinations were made and curvw 
which were plotted for the values secured show a gradual fall throughout the 
course of th» experiment. When yeast, or an alcohohc extract of yeast, was 
added to the diet, a risB in the cm motabolini almyi oeouned. (Anb. gM 

Physiol. 1921, 80.) 

T« Seidell, J. Biol. Chem. 29, 145, 1918. 
»» Saleeby, Phil. J. Sci. 14, 11, 1919. 

** For preparation of concentrated viLanun extracts see Ch. VII. 

Sfanonnet (Bull. mo. bjg. 9, (10, Ittl) pwanta data obtaiaed id feediBg ei- 
perimentB with pigeons. The "iMoqiloto diet" used consisted of the follow- 
ing: Meat residue 11 g., peanut oil 6 g.. potato starch 59 g., palt mixture 4 f^., 
filter paper 5 g., agar 5 g., butter 10 g., brewers' yeast 1 g. The butter furnished 
A, wherras tho joifll mo tho ooly aouroe of B aad C. Tiua diet permitted 
aitufaetoiy maiiiteiiaiieft of the birds during tlie exponmentd period of 170 
days. The same ration but without yeast did not permit mainteneiiee of tfie 
birds. Characteristic sj'mptom.'' of polyneuritis appeared. 

The respiratory quotient was studied by Jeneen and Mangkoewinoto 
(Med. geneedc. leb. Weltevredn ISvnA VOO, 8e 8er. A, Noe. 1» 9 and 3, fiO; 
Physiol. Abs. 5, 261; Chem. Abs. 1081, 3805) irith the hope that the fall ia 
respirator}' quotient might be made use of in testing fooda for antineuritio 
vitamin. The respiratory quotient did fall in one or two cases, but the fall is 
not constant and reliance cannot be placed on it in the diagnosis of polyneuritis. 

When fowie aad cati wife fed <m poliibed riee and food deficient in ▼ita* 
mins, the organs did not show any diange in senattiTitgr towards adrenaline, 
histamine, choline, aad atropine. (Vaa Leeuvea aad Venar, Chem. Abe. 
1921, 2658). 

Fitch (Am. Mod. x6, 369, 1921) reporii a aeriee of experimente ia iiliiidi 
beriberi «m produoed in pifeaos by feeding poliabed riee. 



Digitized by Google 



CHAPTER XII 



SCURVY 

Scurvy has long been the dread of navigatora, explorers, and armiee 
in the field ; in fact wherever men are cut off from available supplies 
of fresh food its ravages are known. Babies fed exclusively on steril- 
ized foods suffer from the form known as " Barlow's disease," and 
as Hoist firpt pointed out symyitoms identical with those nf liuman 
BCU^^ y can be produced in guim :i pigs by feeding on a restricted diet.*^ 

The first distinct account of the disease is contained in the history 
of the crusade of Louis IX in the Thirteenth Century, during winch 
the French army suffered ^^eatly from it. In the Sixteenth Century 
it was endemic in various parts of northern Europe. During Car- 
tier's second voyage to Newfoundland in 1535 one hundred out of 
his crew of 103 men developed symptomB of scurvy, but were cured 
by the admhaistratkm of a dtfooctkm of freah pine needles. In 1698 
Admiral Hawkins stated that within his personal experience not less 
than 10;000 seamen had died of scorvy, and an appalling case is on 
record of the Spanish ship " Oriflamma " which was found adrift with 
her «itire crew dead of scurvy. 

In adults the symptoms come on gradually, the onFot being marked 
only by a certain failure of strength which is manifested when any 
effort is called for. Bre*\th]e*^«ness and exhaustion are easily induced, 
along with a corresponding mental depression. The face is sallow 
and pallid, the eyes sunken, and the gums tender. The muscles of 
the body and limbs become painful with vague pams suggesting 
rheumatism. Appetite and digestion may be unimpaired in the earlier 
stages, but gradually decline. As the disease progresses the gums 
become livid, spongy, ulcerating, and bleeding, the teeth are loosened 
and drop out, the hreath becomes excessively foul. Effusions of blood 
from the vessels in the skin and other tissues takes place either spon- 
taneously or as the result of slight pressure or injury to the skin. 
Thess are frequently so extensive as to cause swelling of the muscles 
in which they occur, giving the appearance of extensive bruises and 

4 Holit and PrflUch, J. Hyg. 1, 634, 1907. 

317 
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tending to become hard and brawny. In addition there is bleeding; 
from the mucous membranes of the nose, eyes, an d alimentary and 
respiratory tracts, and hemorrhages into the pleiiriil, pericardial or 
peritoneal cavities. According to Hess,' the coagulability of the 
blood IS almoet nofmal, the escape of blood from the vessde being 
dtie to a weakening of the walls or to a lesion of the endothelial cells. 
Ulcers are apt to break oat in the limbs. In the later stages eadunis- 
tion beoGmes profound, with a tendency to, syncope, and various com- 
plications such as diarrhoea and pulmonary or Iddney troubles are 
liable to appear, any ol* all of which may bring about a fatal result. 
I>imini8hed aecretaon of urine is a common symptom of both beriberi 
and scurvy. 

The protein metabolism is disturbed during the progress of the 
disease as is evidenced by the increased ammonia and amino acid 

output ' 

Stefanson* gives the following description of cases observed by 
him during 1916-17: 

" Anderson complained to me of having been gradually becoming more 
and more imweli for a week or two. The first symptom'? noted hv him was 
dizzineaB on suddenly standing up, ' iazineas/ gloom and imtabiUty, showmg 
itntf in a teodaiuy to eoodemiiateiy and unoalled^or u|iim«itaUvaM«» 
praneneas to boooming tired, and loosening of the tsafh snd a iweUing and 
rece«»'^irin of the guma, with a dull local ache in the f^ms or roots of the teeth* 
The appcUte was normal both as to quality and kind of food desired. . . . 
At this time the teeth of the men were eo loose that they could be plucked 
out with the tngen with no eSdrt* and the gums wen of neh a eheoae like 
eonaistency, that th^ were cut (with little bleeding) by wooden toothpicks 
about »n eA^ny as an ordinary ' Americaa' cheese eouid be. Eveiy joint was 
sore and all movements painful." 

Hess * points out that the aseoeiatlon of eireulstory disturbances 
with latent scurvy, which has been overlooked until lately, furnishes 
a clinical link between scurvy and beriberi. One of the earliest symp- 
toms is frequently tachycardia, a heart beat of 140 or 150 being quite 
common in infants. Still more noUoeable and chnrnctcristic is the 
instability of the pulse rate, which may increase by from 20 to 40 
beats to tho minute on the slightest exertion or rise in temperature. 
Accompanying this may be respirations rising to 40, 50, or even 60 to 
the minute. These symptoms, to wbicii Hess gives the name " cardio- 

• HeM, J. Am. Med. Ass. 78, 603. 1021. 

• Labbe, Haguenea and Nepveux, Bull. mem. soc. Tnp<l. Hop. 44, 1094, 
1920, Chem. Abs. 1020, 3367; See also Brandt, Arch. f. Kinderheil. 67, 305, 1020. 
Um blood hi sourvy. 

« tttima. J. Am. Med. Am, 71, Vm» 1918. • Hess, I e. 
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respiratory phenomena," yield promptly to antiscorbutic treatm^ti 
from which Hess infers at least a functional relation between the 
antisoorbiitae viinmiii and nerve tissue. The soorbiitic OTgamam^ even 
in the latent stages of the disease, is peculiarly sensitive to infection. 
Abels * found that scorbutic guinea pigs succumbed to much smaller 
peritoneal injections of cultures of the sliglitly tone B coli than did 
non-scorbutic aninuds. Intracutaneous injections of staphylococci, 
toward which guinea pi^ are normally very resistive, caused dis- 
tinctly palpable infiltrates, and in one case an abscess, in scorbutic 
pigs, while the controls presented at the most a very slight infiltrate. 
He also found support for the assumption that the hemorrhages ob- 
ser^^ed in scur\^ are brought about by the toxic effects of micctions. 

Barlow's disease was first ol^rved in England in 1876 by Sir T. 
Smith and later fully investigated by Sir Thomas Barlow. It is 
seen principally in children from 6 td 18 months. The child is sallow 
and fretful before any marked physical signs appear.' Later there 
appears a sensitiveness to touch, particularly about the lower limbs, 
and the child will refuse to move or bear any weight on the legs. 
Later the Bmba sweU, the tsndemess increasing. The growth in wdgbt 
imd length is markedly affected.* Cooiby * urges the importance of 
suspecting scurvy in an infant whenever H is observed to keep ito 
limbs still and cry if they are touched. This is sud to be a constant 
83naapt«Rn in nunilings, but not in older children. The progress of the 
disease is matked by great and progressive anemia, apathy, spongy 
gums, hemorriiages into various structures, particularly imder the 
periosteum and muscles, with suggestive thickenings around the shafts 
of the long bones, producing a state of pseudo-paralysis.** 

While the acute stage? of infantile scurvy are comparatively rare, 
incipient cases are more ronimon, and not always cn^'ily recognized. 
Comby reports that 90 per cent of the 72 cases of this disease which 

• Abels, Wien. k!in. Wm-h. m9, 1920. 

• Bee Hess and Fish. Am. J. Dis. Ciuid. S, 3S6, 1^14. 

• Heis, Am. J. Dw. GhM. 12, 183, 1916. 

• Comby. J. M^Buu» 1920, 1, 673. 

*• Seven children wf^ro mrr d of BarlowV- dii'oafip by feeding them exchisively 
uprai milk. In five of the cases the milk was heated for 10 to 36 minutes and in 
tiro turn the heating was prolonged to one hour. It is concluded that the 
vitemin is not as readily affeofeed by beat m has been aammed. Hie eanoni- 
tnation of the food, i. 6, the wftter eonteiit, is important. Nobd (Z, Kindei^ 
heiik. 28, 348, m\). 

Morikawa (Igakkwai 19, 9, 1920; Endocrinology 4, 615) concludes that the 
hypertrophy wlikli is amihr to tiiat found in polyneuritis g*"*"**"" faidiwtw 
that the shsenee of a nooemtty ▼itamin Is also aa etIoloBtoal factor in Bailoii'a 
disease. 

10 Comby, BuU. Soc. Med. Hop. Far. 45, 288, 1921. 



Digitizec uy google 



220 



VITAL FACTOHS OF FOODS 



he encountered had been wrongly diagnosed by the attending physi- 
oiaik ToUer^^ itatet that in addition to tho infante foffaring fran 
manifjert Murvy there are a far larger nunber of latent eaeea wUh 
oharaeteriatie muddy complexion, lack of appetite, etationaiy wd^t^ 
and fretful diepoeition. 
In a dieeuaeion of this dieeaae Heaa lemarki:" 

Infttktile Bcurvy differs clinically from the other deiicieacy diseases Eoaioly 
in the fact that it ia ehaiMteriaed by the produetkm of henuinliafe in varioui 
parts of the body, hemorrhage into the guma. into the ddn, beneath the perios- 
teum, into the kidm^y^, etc. A study of the pathogenesis of these h< tiLorrhagea 
has shown that they were not the result of alterations of the blood itself, a 
delayed coagulability, or a deoreaae of Mood platelets, but Uiat they nera due 
to the alteration of the blood vessels iriiioh allow the blood to traverse iti walk. 
This alteration prnhnhly shrnil l bp rpizrnrded mevdy aS a plft of tbo gMlMal 
tissue rViBn^TPs' ^hirli occur m this (iisoriier. 

AlLhough hemorrhage is not encountered in beriberi, a careful consideration 
will riiow dome dioical lelatioodiipa between theae two di wa a ea . Ae l» well 
known, s^pu of involvement of the nervous system ate the ehaiaeteriatic mani- 
festations in beriberi. A sttidy of the cases which came undf^r our view showed 
that infantile scurvy is not entirely free from nervous sigus. The knee jerks 
aiw inereaaed, there seem to be ali^t involvement of Hm eptie diika ia aome 
cases and parbapa sensitiveness of the cutaneous nerves. Again* dilation of the 
right heart, a remarkable pathological condition which has been frequently de- 
scribed in beriberi and noted by Andrews in infants who had suffered from 
this disease, was found to occur likewise in infantile scurvy, as demonstrated 
in numerous Roentgen ray eiaminatiopa. Oedema, which ia such a oommca 
symptom in beriberi, ia not fraittently present in infantile scurvy. In fact, 
there is one form of this disorder, an ex^pptionn.! type, where oedemn is most 
marked. In this connection it should be remembered that degencratiou of the 
nerves haa been found by Ingier in some animals suffering from scurvy, that 
Holat and FrdUeh have noted that guinea piga fed oa deeorticated or highly 
milled rice, developed aeurvy and not beriberi, and that Darling has reported 
that in some African neim)efl a diet that caused scurvy in one set of men, caused 
neuritis in others. There is evidently, therefore, a definite int^weaving in the 
symptomatology of thaaa two defieleney diaeaoee. Ai ii wdl known, beriberi ia 
produced by a diet of decorticated fioe and may be eured by feeding the riee 
poliahings. In this rcpani, there seems also to be some connection between 
the two dii^iea.^, for we found that the giving of wheat middlings, which may 
be regarded as the pericarp of the wheat, in some instances resulted in a prompt 
ameliflvatien of tiie lymptoaMi altiioui^ it waa luiable to bring about a eoinplele 
eoie of tike dieoider. 

Certain of the lower animals, notably guinea pigs, are extremely 
susceptible to scurvy, while other species such as the rat and the 
prairie dog appear to be immtme.^* Whether this inmiunity it leal 

" Tobler. Ztschr. f. Kinderh. 18, 63, 1918. 
u Heaa, Proc. 2nd Fan. Am. Sci. Cong. Sec. 8, Ft. 2, p. 49. 
MeGonafli aad Panooa, J. BioL Cham. 41, m, inO; MeCteadon, Colet 
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or only apparent is an intereaimg quMtion, Init one which Is dlffieult to 
eettle, sinoe the only test known for the presence of the antisooibiiliie 
factor in foods is the biological method aiid this maynot be sufficiently 
delicate to detect small quantities present A very interesting investi- 
gation has recently been made by Parsons who has been able to 
show that the livers of rats fed on a typical antiscorbutic 
ration for from 213 to 247 days were high in antiscorbutic, as 
shown by the guinea pig test. Scarcely any difference in anti- 
scorbutic content was demonstrable between the livers of these rats 
and those of control animfil? on a normal diet. This seems to show 
that the rat actually requires the factor lor it? metabolism, but 
whether it i? synthesized in the body of the animals or reccncd in 
small amounts in the food is at present unanswerable. Prehmin iry 
experiments are said to suggest the existence of the same phenomenon 
in newly hatched chickens. Plimmer notes that pigs led on cooked 
lood| consisting of a mash composed of meals, sharps or middlings 
and tumipe, developed scurvy. The animals were cured by giving 
them the same food hut in the raw condition and by increasing the 
quantity of turnips, which are rich in the antiscorbutic factor. 

The symptoms of guinea pig scurvy have been very carefully noted 
by various observers. A fuU description is given by Cofaca and 
llendel ^* who remark as follows: 

In the guinea pig iiua ia a disease tiie onset of which is usually cbaractcnzed 
fint fagr a tendeniMi of the joints; and Hw wriati^ ttnUM and kiiMS 
become involved in the onUr OHDod, though there are many exceptions. 
There follows in r day or m, a pmrlunl m'elling of the afTrctrd joiDts, 
often to twice or three times the onginal diameter of the bone. tSometimea in 
the younger animala a joint will fracture spontaneously, — the wrist being most 
iuaoqptiUe in tliis regard. Tbe older inbiaiB davdop a diffionHgr in using tfaoir 
hind legs, which seem to become stiffened or paialyaed. In order to relieve the 
pain in the h^ertjed member, the animals will lie on their side or back and 
assume the scurvy position described by Chick and Hume.*^ If curative 
meaauree ara inetituted aaitjr enough, the ewelling disappears entirebr; if not* 
these knoba barden into exostoses that can be felt through the slun. Tba 
di sc aee appean alao to affieoi tho jtinetionB of the riba with tho oartilagai^ and 



Sngttrand, and Middlekauff, lb., 40, 257. 1919; Funk, ib^ 25, 409, 1916; Har- 
den and Zilva, J. Fkth. Baot 1919; Holat and MUdw Zaitaoh. f. Qyg. Mek. 

72. 1. 1912; J. Hyg. 7, 634, 1907; Drummond, Biooli. J. M» 77, 1919. 
" Parsons, J. Biol. Chcm 44, 587, 1920. 
!• Plimmer, Bioohem. J. 14, 670, 1920. 

^ Coliea and Mendd, J. Biol. Ckoin. 35, 426, 1918. Sea also Qtvana and 
Colien, lb. 38, 133. 1018. 

" Tr. fioe. Tiop, Med. En- 10, Ml. 1917. 
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in Advanced cases it is possible to palpate these oostocboadrai enkiiBements 
daieribed fagr JadoMMi and Moon.** 

AccompaiiTing llie joint cnliifBiiMBt, ooa notioM a marked hyperaensitiv)^ 

ne«5 that is succeeded by a dullness or letharc^'. The sjTnptoms described may 
appear while the animals eat well and gain m weight steadily. Then loiiows a 
loss in appetite with a resulting decline in weight to death. 

HemoRhaie of the guma in seocbatie giinon pifi haa ben leporled by Kc- 
CoUttm and Pitz, and Jackson and Moor* have found it in a few of their 
animals. However, Givens and Cohen, in common with Hoist and FrBHch, 
and with Qerstenberger, never observed this feature. Veiy rarely (in four 
OMse) tiien mw an appearance of eobinaeoiia hemotriiage at tbe base of tiie 
lower indaoii. Oftener (in ten or fifteen eaeee), there waa o b e erv ed a hjperaoiia 
or congestion at the same site. 

Loosening of the teeth was quite a corniTion occurrence m tlie animals with 
scurvy. Occa£ionaiiy during hfe, the lower incisors were shown to be loose, 
flometfmee tiiey eoukt bceak off, tfaongb never in nomal pifi or in aoimaki 
with scurvy that was reoentljr developed. At autopqr tbe lower mol ir^ were 
cefirly always loose, — at times to mch a depree as to permit the teeth to be 
removed easily with forceps. The upper molars on the contrary were not eo 
often affected in this msxiner. 

Tbe XHmy picture of tiie affscted jointa ia reported to bo diaiaeteriatie of tfia 
disease. As first shown by Fraenkel, there appears at the junction of the 
epiphysis and diaphysis of the long boMa a white line which recedea veiy 
slowly after other symptoms have gone. 

At autopQT the two meet noticeable conditionB are hemonhage and fragility 
of the bonea. The vi^^ra often were normal in appearance; though now and 
then the stomach, intestines, or cecum showed congestion, hemoniuigf' or iilrera- 
tion. These would occur usually on tbe oat and water or oat and milk diet» and 
less frequently on the soy bean diet. 

The nmilarity between the qrmptomB thiu described and thoee of 
human eeurvy leave no room for doubt as to the identity of the 
disease in both species. 

Heas and linger point out that all work on Uus subject should be checked 
bj careful hiatological aanunation of tbe bcnaa. ^y"ir* occur in tiie epiphy- 
eeal enda of the bonea which are typical of aeurvy and differ from thoee iriucb 

occur in other diseases of the bony system. It thrmforo, impnrative that 
such lesions be found before we take it for granted that we aro really dealing 
with scurvy. Hess and Unger have encountered microscopic lesions at autop^ 
wiiidi were conaidered diaracteriatie of true guinea pig aourvy (hemonbaiea in 
to the coatoehcodnl junctiona of tbe riba and aweUing of the joints) but i^di 
later microscopic examination proved to resemble rickets. The bones of the 
animals referred to in this study showed the typical " frame work " m&rrow at 
tbe epiphyseal junction, a marrow poor in cella and rich in connective tissue; 
it did not ihow the oeleoid tiaaue alwagra aaaodated wiUi liekete. 

» Jackaon and Moore, J. Infeo. Dis. 19, 478, 1916; J. Am. Med. Aas. 07, 

im, ISM. 

*• Hess and Uofer^ J. Biol. Ghem. 85» m; Z6, 499, 19UL 
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Zilva and Wdb** have described the ehangee observed in the 
•Inieftaie of the teeth of seorboUc guinea pigs. E*ven wheie no mienK 
soopio ngne of the diseaae had been deteoted during the life-tnne and 
on]y the faintest traces could be disooveied with the naked tyt at 
post-mortem, well-defined mierosoopic ehangee were invariably de- 
tected in tiie structure of the teeth. In advanced cases of scurvy the 
teeth were found to be apparently sound but useless, inasmuch as 
they had been loosened by the gradual absorption of the cement mem- 
brane of the alveolar sockets, leaving the portion below the neck 
exposed. Probably pereostitic pain accompanies this condition as is 
the case with human patients. In addition, the teeth presented all 
the appearance of senile change." 

The condition in young guinea pigs was precisely the same as in 
the older animals, and the same changes have been observed in 
monkeys. 

Hie circumstances under which scurvy makes its appearance points 
as indicated, to a dietetic origin for this disease, a hypotiiesis which is 
further supported by the beneficial effects of fresh foods or certain 
preserved iruit juices. Nevertheless cerluiu other tiieones have been 
advanced from time to time. 

Wright** daimed that the symptoms of scurvy were caused by 
acidosis, a theory which has never fo<und much acceptance** an|d 
which is entirely disproved, so far at least as guinea pig scurvy is 
ooncemed, by thd study of tiie alkaline reserve of the blood in scurvy 
made by McClendon, Cole, Bngstrand, and Middlekauf.** 

Chronic poisoning by tainted meat and fish was held leqionsible 
by Jackson and Harley " a theoiy which found some acceptance 
when first promulgated, but the experimental evidence on which it 
was based has not been supported by later work and is itself suscepti- 
ble of other interpretation.'* 

M ZUva and WeUi» Fkoo. Roy. Soo. MB, 505, 1919. 
n Talbot (Deana Cdmoe^ 63, 7W, IflBl) conmlMV iatanlitid giagMtb 
(pyorrhea alwolaris), its oooumnee M a difidouqr di— n, nd its fdaticodiq» 

to acurv>'. 

Wright, Army Med. Dep. Rep. 87, 904. 1805. 
» 8ae Vmwkt Nonk. Mig. Ug. 1912. 1; Heitt and PrOUeh, Z. Byg. 72, I, 
1013; Fonk, J. BioL Ghem. 25, 409, 1916; Lmbbe, Haguenea, and Nepveni, 

BuT! mem. soc. roe. Hop H, 1094, 1920, Chnm. Aba. 1920, 3267. 

McCltiidoii, Cole» Bngstrand, aad Middlekaof, J. Biol. Ghem. 40, MS, 

1919. 

Jackson aad Harley, laao. IMOi, i. UM^ Ftoe. Btqr. 8oe. 1900, 300. 
M Helet and VtVUA, S. f. Bn* iafakk 13, 1, 1313. 
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1h» theory ui bMtarial origm " Is refuted by tin work of QiYoas 
and Hoffman '* who found that the blood of seorimtic guinea pigB is 
invariably etnile, ngardleBS of the diet on ivbieh the diaeaae la pro- 
dueed. No marlrad differenoe waa found in the inteatinal flora when 
smears and cultures were made from different parts of the intestinal 
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Fra. 11. — The upper duurt dkom tha ftalura of *i«»miiit pQndcr from 
■iiiiiiiMri)rodueed milk to protect againat aeurvy. The lower diart indi- 
cates a similar failure when using winter-produced milk. 

Courtesy of Messrs. E. B. Hart, H. Steenbook, N. R. Ellis and Journal 
of Biological Chemistiy (46, 311, 1821). 



>T Coplans. Tr. Epidemiol Soe. 23« t, 1004; Jackson and Moody, J. Infect 
Dia. 19, 511, 1916. 

" Givens sad Hoffman, Ftoo. Soo. BioL CSiem. J. Biol. Chem. 41, xxziii, 
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tnMst of pimea pigs on a diet of oats alone, on oats plus 3 oe. of lemon 
iuioe daily, after scurvy developed, on soy cake diet^ and on the same 
plus cabbage after the appearance of scurvy. The observations re- 
corded as to the presence of bacterial infection in certain cases of 
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Vm. 18.— The upper diui Aam l3b» failnra of a whole milk powdar 
IBMie by a spray process to protect aeaiost scurvy. An improvement is 
shown in the lower chart which records the results of feeding a larger 
proportion of the same milk powder. This powder still retained some 
of the antlMortnitao vitaiiuB but no* enough, even eft this hi^ level of 
feeding, to protect all iDdividuals. 

Courtesy of Messrs. E. B. Hart, H. Steenbock, N. B. EUio end Journal 
of Biological Chemistiy (46, 314, 1821). 



scurvy can easily be explained by the susceptibility of animals in a 
poor condition of health to such infection.** The faulty intestinal 

<• 8m McCollum eod Plte^ X Biol. Ghem. U, TO, 1917; Abetaii Win. klin. 
Wooh. 9», Ifln. 
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oondttioii lefened to fay Steenbock is aIbo doubtleM a neuU rather 
than the cause of the Unease, and the aame may be said of Inanition.'^ 
The theory of McCollum and Pits ** relating scurvy with ehronic 
oooatipatioii has been disproved by numerous invesligatoirB. The 
aigument is summed up by Cohen and MeodeL** 

It !■ hi|^4]r improbebla^ tfaqr obeerve, that constipation is the predisposing 
cause of scurvy, as can be seen from the results in feeding milk. A small 
amount ingested daily permitted the onset of symptoms of scurvy, while large 
quantitiea, iriiidh were not less constipating, caused the scorbutic symptoms 
to dtMpfieftr. Mofeovtr, aids to the nady riimmatifln of feoe«» l&e dillBtiiig 
amounts and Idiidl of rou^iage caused no corresponding change in the eooiM 
of the disease. Contrary to the findings of McCollum and Pitz, other investi> 
gators, namely Hess and Uager,** were unable to protect or cure imiwiitiff ^ith 
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Fio. 14. — This winter-produced ddauned milk, oomrattad to a jmupiIv 
by a roll drying process, had lost in a considerable measure its antiscor- 
butic properties. In most cases the onset of scurvy was greatly delayed. 
Tha powder oontaiiiad 036 per eeaA of lat. 

Ooorteqr of Means. E. B. Haiti H. Stoaabock, N. B. BUii and Journal 
of Biological Oianintqr (40, 317, 1981). 



daily additiona of mineral oil to a aeurvy-produoing diet. Keitimr ware ttey 
able to induce active scurvy in a btent ease by the prodiiotion of marked oon- 

stipation with morphine. Recently Hess and Ungcr reported the etm of 
scurvy by means of intra-venous injoctioas of orange juice. This successful 
antiscorbutic effect apparently was not due to speciiic relief from constipation 
OS tte attendant ntestinal ff ?TOp*V f atifltMfi 

On tha other hand, one muBt not foifet tfiat mariDed aoorinitie aynqrtonB 

M 8ci. Mo. 7. 179. 1018. 

SI Furst, Z. Hyg. 72, 121, 1912; Lewis and Karr, J. BioL Cham. 38. 17» 
1916-17; Cohen and Mendel, J. Biol. Chem. 35, 430, 1918. 

» McCollum and PiU, J. Biol. Chem. 31, 229, 1917; Pitx, Ib^ 33, 471, 1918. 

Cohan and Mandal, J. Biol. Cham. 86, 425, 1018. 
M Heaa and Uagar, ftoe. Boo. Bip. BioL Mad. 14, 80, 1018. 
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have been induoed in ginnea pigi on huntive diete. Lifuitile mmnry hu dao 

been found to occur quite as often in connection with diarrhea as with constipa- 
tion.^" It seems clear, therefore, from the foregoing facts that constipation is 
not the causative factor in acurvy. Undoubtedly the vital resistance of a soor- 
batio aaiiMl is knrared, tiuH nodering it mora mtoqitible to unfftTonUo 
like iafoetioiii tad toaemiaa. 
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FiQ. 16.— Adequate proteoUon against scurvy was offend by these 
milk powders cnntaining, refpectively, 12 per cent and 2S per eokt of iat. 
The powders were made by a roll dr>'ing process. 

Courteery of Messrs. £. B. Hart, H. Steei^bock, N. R. Eilid and Journal 
of Biologioal Ghemiitqr («K im). 



Oerttenberger ** sought for a ooimectaoii between seurvy and de- 
rangement of calcium metabolism. 

*■ Cf. American Pediatric Society Committee, Arch. Pediat. 1898, 15, 481. 

J. Med. Be. 145, SB|, 1918. 
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In view of the known data regarding the pathology, chemistry, and symptom- 
atology of scurvy on the one hand, and regarding the important function played 
by in bone growth, nerve conduction, v^ael sealing, and ceil permea- 

bility oa the otfaar, Qeniteiibwgvr wmmdend that ftll of theae diffarent itystem 
tg^mpUuim migbt be explained on the common basis of an interference with one 
or more of the normal functions of calcium and its physiological anion in the 
oweous system, vascular system, nervous syatem and probably other systems. 
That scurvy is not a calciimi deficiency disease is indicated by the increase in 
the «alei0eatifln ai Frenkel'e iine but while tiicra ie aa oxccaB of celoium 
deposited at one {Mit the bone there is nevertheless in all probability not M 
much calcium in the bone as a whole in advanced stages of sciiny as there 
would be in the normal bone, because the rate of growth of the bone is much 
lev rapid tiuu tmder Bonnid conditioitf^ while the norma! prooeas of feeorption 
ia going on, producing a raiefioition and brittlcness with consequent loss of 
matfrial. He fod cod liver oil containing tricalcium phosphate to scorbutic 
animals, but without result. Similar ill-succ^ attended the administration of 
calcium in different foims by Hoist and Prttlich." 

Pits ** was able to protect guinea pigs against scurvy for 18 weeks 
by addition of meat and tricalcium phosphate to a ration of rolled 
oatp find milk. He found some beneficial effect from thn ingestion of 
tricalcium phosphate alone, but not so pronounced as when meat was 
introduced. Calcium chloride was more effective than tricalcium 
phosphate, showing that the phospiiorus is not of prime nuportance. 
When sodium chloride was added to the oats, milk, meat, and trical- 
cium phosphate ration the onset of scurvy was delayed still lurtiier, 
Pit2 concludes from this that the chlorine metabolism is deranged in 
scurvy as well as the ealdum metabolism, and that the added calcium 
salts afford a certain amount of protection by controlling the perme- 
ability of the tissues of the animal and thereby affording protection 
against invading agentsw 

Pugliese** asserts that the conditions produced in animals by a 
ration of dried grain are not dependent upon the absence of the anti- 
scorbutic vitamin, but are caused by a change in the reaction of the 
organic fluids, and a resultant demineralization of the organian, 
especially with respect to phosphorus and calcium.*** 

ST Hcht and Frolich, Zeitsch. Hyg, Infekt 93, 1, 1912. 

Young guinea pigs weighing 250-300 g., fed on a diet deficient in water- 
soluble C, show at death a pronounced increase in weight of the adrenal glands; 
this may indicate a compeojiatory respoode to the decreased adrenaline pro- 
doefeioii known to extet in the aoorbutio uimal. The heart and kidnejw ap- 
pear to be increased in weight on scorbutic diets, while the liver sho^c^ no 
effect, LaMer and Campbell rProc. Soc. Ezpti. Bid. Med. x8, 32, 1920). 
Pits, J. Biol. Chem. 36, 439, 1918. 

M Pugliese, Rend. r. Lut. Lemb. 8eL Lett. 62, 723, 1919; Physiol, Ab- 
■IxwstB 5. 92, 1920. 

m Findlay (Biochem. J. 15, 355, 192n clnims that lack of vitamin Ah hi 
no way req^oooble for the lenoos that occur in e]g;)erimeatAl acurvy. 
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Howard and Ingvaldsen *° studied the mineral metabolism of the 
monkey during experimental scurvy, boi without ngnifteaiii nauH. 
They state that the changes in the mineral exoetion of the monk^ 
during the seorbutic period are not sufficiently aignifleaikt to admit 
of easy inteipfetation. The marlced loss of the various mineral sub- 
stances encountered in previous eoqwriments with man and guinea 
pigs not having been observed in the present series. These investi- 
gator are of the opinion that a study of the intake and output of the 
inorganic elements in human adult scurvy and the experimental scurvy 
of the guinea pig and the monkey does not yield sufficiently decisive 
informntion to warrant an explanation of the pathogenesis of scurA-y. 

Robb found that guinea pigs subsisting on a diet of dried 
plants 14 or 21 days before the experimental period, eluninated twice 
as much calcium as those that had been on a green diet. Scurvy ap- 
peared in all animals. 

While there is either lack of confirmation of or positive evidence 
against each theory of the origin of scurvy excqit that of deficiency 
in diet, there is oonvindng evidence in favor of tins in the Ustory of 
the disease and its treatment As eariy as the middle of the 
Eighteenth Centuiy Lind published an account of the disease show- 
ing the remarkable curative power of orangie and lemon juice.^ This 
quaint report is of interest from a historical standpoint: 

On the 20th of May, 1747, I took tiKslve patients in the acurvy, oa board 
the "Salisbury" at sea. Their oaaea wore oo unilar as I oould have thorn. 

They all in general bad putrid gums, the spots and lassitude, with weakness of 
their knees. They lay together in one place, being a proper apartment for the 
sick in the fore-hold ; and h&d one diet common to ail, vis. water^ruel sweetened 
with sugar in the monung, fresh muttoii4»oth oftentiaMs for dnmer; at othor 
times light puddings; boilod biscuit with stigar, etc., and for supiMr, bailey and 
raisins nVe and currants, sago and wine, or the like. 

Two of these were ordered each a quart of cider a day. Two others took 
twenty-five drope of elixir vitriol, three times a day, upon an empty stomach ; 
uHDg a gan^ BfenNigly addidated with it for their mouths. Two otiieni took 
two .spoonfuls of vinegar three times a day upon an empty stomaob; having 
their gruels and their other food well acidulated with it, as also the gargle for 
their mouths. Two of the woxst patients, with the tendons under the ham 
rigid (a symptom none of tiko rest had) wen put under a oourse cf seaHwatar. 
Of this they drank half a pint every day, and sometimes mors or losa^ as it 
opfmtcd by way of gentle physic. Two others had each two oranges and one 
lemon given them every day. These they ate with greediness, at different times 
upon an empty stomach. They continued but six days under this course, hav« 

«<• Howard and Ingvaldsen, BuU. Johns Hopkins Hosp. 28, 222. 1917. 

Robb^ Seienoe 0, UO, isao. 
^ Liiid, IVuatiBa on Sourvy, London, Skid Ed. 1781. 
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ing floummed the quantilgr Ihftt oouUI Im qiNUwd. The two lenuuiiing pfttientB 

took the bigness of a nittmeg three Hxam ft day of an electary recommended 
by a ho-pit iI--urcfon, made of garlic, mustard -seed, rnd raphan. balsam of 
Peru, and gxiin luyrTh ; using for common drink, barley water well acidulated 
with tamannds; by a decoction of which, with the addition of cremor-tartar. 
they were aenify purged three or four timet during the eoune. 

The conscqueOM 1PM, that tilO most sudden and visible good effects were 
peTrpi\'rri from the of the oranges and lemons; one of tho?e who had taken 
them being at the end of aix days ht for duty. The spots were not indeed 
quite off hie body, nor hie gunie eomul; but williout any oHier medicine tiien 
a gaigarism of elixir vitriol, ho became quite healthy before we came into 
Plymouth, which was on the 16th of June. The other wa-s the best recovered 
of any in his condition; and being now deemed pretty well, was appointed nurse 
to the reet of the sick. 

Next to tiie onngee, I thought ^ dder bad the beet effeela. It was indeed 
not very soimd, being inclinable to be aigie or pricked. However, thase who 
had taken it were in a fairer way of recovery than the others at the end of the 
fortnight, which wm the lengUi of the time all these diHerent coiurses were con- 
tinued, except the wangee. Hie putiefaotioii of their gums, but eq;>eciaUy Hidr 
laewtwde and weakneee, weie eomewfaat abated, and tbeir appetite inc r eae ed 
Igrit 

The regular administration of lemon juice prescribed by the British 
Admirality in 1780 and the similar regulation adopted by the Board 
of Thule in 1865 has resulted in the complete disappearance of the 
disease from the navy and mercantile marine. Whereas in 1780 the 
number of cases of scurvy reodved into Haslar Hospital (a purely 
naval hospital) was 1457, there was only one case in 1808 and one 
more the following year. Dr. Baly^ states that in several prisons 
the occurrence of scurvy wholly ceased on addition of a few pounds 
of potatoes being made to the weekly diet. Hoist asserts that 
when the Eskimos sufifer from this disease they turn to the liver of 
seals or better to fresh " matok," a preparation from the skin of 
whales, for cure. 

"While the experience of generations has pointed to fresh fruits and 
vegetables as the preventive and cure of scurvy, only after the dis- 
covery of Hoist and Frolich,** that the disease could be induced in 
guinea pigs by restricting them to a diet of oats and water and that 
the symptoms thus produced responded to the same treatment which 
had been found efifective in human scurvy, did it become possible to ' 
classify foods into those which do and those which do not possess anti- 
scorbutic power.^ Tradition has placed the juice of lemons and 

*^ 1911-61, quoted by the University Encyclopedia. 

** Hoist, 15th International Cone of Hyp." Wash., 1912, ii, 588. 

« Holat and Frttlich» J. Hyg. 7, 634, 1907 ; Z. L Hyg. Infekt. 72, I, 1912. 

^ 7or delsilwl clswrficatiOB ns Omp, 4 sad Appsodix. Distribtttim of C. 
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Fio. 17. — A normal guinea pig. 15 c.c. daily of suniincr pa.sture milk pro- 
tected against 8cur\'y when the remainder of the ration consisted of heated 
alfalfa flour 25 parts, rolled oata 74 partn. and common wUt 1 part. Photo- 
graphed 111 the 12lh week of restriction to this d'wt. 




FiQ, 18. — A scorbutic guinea pig. 15 c.c. daily of dry feed milk did not pro- 
tect against scur>'y when the remainder of tlic ration con.sitited of heated 
alfalfa flour 25 part^, rolled oats 74 parts, and common salt 1 part. Photographed 
after 4 weeks' restriction to this diet. 




Fig. 19. — Showmg early stages of scurvy. 15 c.c. daily of winter-produced 
milk (silage -|- dr>' grain and dr>' hay) did not effectively protect against 8cur>'y 
when the remaimler of the ration consisted of heated alfalfa flour 25 parts, 
rolled oats 74 parts, and common salt 1 part. Photographe<l after 4 weeks' 
restriction to the diet. The silage was made from field-dried, but non-frosted 
com. 
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Figs. 17, 18 and 19 supplied through the courtesy of Messrs, E B. Hart, 
H. Steeobock, N. R. £llu and Journal of Uiologieal Cbemi.stry 42, 396, 1920. 

oranges first among the curative substances, and modern research 

larpjely confirm? thi« view, nlthougli certain other vegetable products 

have been found to be equally eHicaciouifi. Tomatoes, rrnv or canned, 

the uncooked juice of the Swedish turnip, leafy vegetables, especially 

cabbage, eaten raw, the sprouted seeds of cereals, peas, or beans arc 

all eflicient antiscorbutics. It i« an interesting fact that the Swedish 

turnip, whicii might at firtt sight appciir to be quite unrelated to the 

other classes of vegetables named, is really a member of the order 

Cruciferae, to which belong the cabbage and the " scurvy-grass ** 

{Coehleana officinalis) much esteemed in olden days as a cure for the 

disease. Bachatrom* in 1734, told how a sailor in the Greenland 

ships, so disabled with scurvy that he could only crawl about the 

ground, was put ashore by his companions and left to perish. In his 

desperate state he nibbled the grass growing on the shore, which 

chanced to be scurvy grass, and in a short time recovered so that he 

was able to find his way home.^^ 

The minimum daily doses of fresh citrus fruit juices required to 
protcff a guinea pig from scurvy were found by Davey (Biochem. 
J. 15, 83, 1921) to he as follows: Lemon 1.5 cc, orange 1.5 cc. and 
lime 5 cc. To avoid the acid effects of these juices they were first 
partially neutralized with sodium carbonate. 

Animal lood, while of undoubted value, is less t>ffective than vege- 
table products. Cow's milk contains comparatively little of the neces- 
sary factor, especially after pasteurization. Fresh meat is effective 
if eaten in sufficiently large quantities, but the necessary cooking les* 
sens its value. In general, heating and dry ing decrease the anti- 
scorbutic effect of foodstuffs, the deterioration being proportional to 
the time of exposure, but some foods, for instance, tomatoes, with- 
stand such unfavorable conditions better than others. Chick and 
Dalyell^ have reported many cases of scurvy developing among 
children who were under treatment for tuberculosis and consequently 
on a diet rich in antiscorbutic foodstuffs. Investigation showed that 
these foods had been subjected to prolonged cooking in the course of 
which the antiscorbutic properties had evidently been completely 
destroyed. Similar cases of a theoretically adequate diet being ren- 
dercfl scorbutic by over cooking of the food occurred from time to 
time in the armies during the war. 

It is to be remembered that our data as to the antiscorbutic 
efficiency of different foods is in large measure derived from guinea 

*' Quotrd in Rep. 38. Med. Bo. Com. London. 1*>19. 
« Chick and Dalyell, Z. Kinderheil. 36, 257, 1920. 
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requirement for this factor it is quite possible tliat certain loods wliicli 
would appear from these experiments to be entirely devoid of anti- 
scorbutic vitamin may actually contain an amount which would af- 
ford Bufficlent protection to a less susceptible animal. For practical 
purposes, however, the guinea pig teat is quite satisfactory, since it 
serves to distinguish those foods which are relatively high from those 
which are at least relatively low in antiscorbutic content. 
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ZEROPHTHALMU 

Experimenters in animal nutrition have frequently observed the 
susceptibility of animals on certain deficient diets to an affection 
of the eye wliich is variously described as a conjunctivitis,^ a xe- 
ropiithnlraia ^ or a ki ratomalacia.' This usually begins with swelling 
of the c> I'lids, foilo\\ ' (I by an inflammation of the conjunctivitae and a 
imeinorrhagic discharge whicii frequently becomes purulent. Unless 
treated the cornea eventually becomes involved and total blindness 
results. 

Waaon * sums up the roBults of a study of the pathobgy of this 
eye condition &8 follows: 

1. The ]>riinary etiological factor in ophthalmia of rats is lack of the 
vitamin A. 

2. The nature and nicchanism of the change in these rats whereby 
their corneas are rendered susceptible to bacterial invasion is 
unknown. 

3. The type and virulence of the organism of secondary infection 
determine, in part at least, the course of the disease. 

4. The anatomic manifestations of the disease are characterised by 
hyalinization or necrosis of the outer layer of the corneal epithe- 
lium, exudation of serum and cells into epithelium and stroma, 
and proliferation of the blood vessels and fibroblasts. In ad* 
vanced cases invasion of the anterior, and occasionally of the 
posterior chamber result. 

5. The degree to which restoration is possible depends on the ex- 
tent of the secondary injury. 

While this disease has been most commonly reported in rats, 
Nelson and Lamb ' have found that rabbits are also susceptible, al- 
though they failed to produce the characteristics m guinea pigs or 

^ Falta and Noeggerath, Beit. 3, Chem. Physiol, u. Path. 7, 313, 1906. 
Knapp. Z. f. Eacp. Path. 5» 147, 1908; Steenbock, Sd. Mo. 7, 179, 1918. 

> McColIum and Simmonds, J. Biol. Chem. 32, 182, 1917. 
» Stevenson and Clark, Bioch. J. 11. 502, 1920. 
* Wason, J. Am. Med. Ass. 76, 90S, 1921. 
■ Nelson and Lamb, 8ci. SH, 903, 568, 1920. 
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chickens under the same conditions. Guerrero and Concepcion' 
however, report cases of xerophthalmia developing in fowls fed on a 
polished rice ration. Of five birds on an exclusive diet of polished 
rice all developed polyneuritis and one became blind. Of 30 more 
which were ^ven polished rice with the addition of " tildtiki extraet " 
five dfiveloped polyneuntis and Bswa died after developing xeroph- 
thalmia, which appeared in some caaes aa early as the seventh day 
and in others not nntil the seventy-ninth day of the experiment. 

Qymptams siinilar to those noted in aninaals have been described 
in young children whose diet is known to have been deficient in fat, 
Mori ^ reported over 1400 cases of such a disease in Japanese children, 
which he believed to be due to fat starvation and which was cured 
by administration of liver (chicken and fish) or eel fat. Czerny and 
Keller * describe what arc probably analogous cases of eye disease 
in children suffering; from malnutrition as a rosiilt of restriction to a 
cereal diet, and further instances, all of which appear to be of dietary 
origin, are given by Monrad and Ronne^" and Bloch. Bloch 
describes over fifty cases observed in Copenhagen. The most severe 
cases occurred in children about twelve months old, who had been fed 
on separator milk, and were characterized by hardening of the cornea, 
ulceration, necrosis, and ultimate blindness. External treatment gave 
little relief and no permanent improvement. As all the patients showed 
fironounoed symptoms of malnutrition Bloch was led to connect the 
eye disease with this g^eral canditaon, and investigation into th«r 
previous diets suggested that the most serious defect in their nu- 
trition was lack of fat. The treatment consisted in feeding on whole 
milk together with as much cod liver oil as could be tolerated, which 
resulted in the rapid disappearance of the eye trouble together with 
marked general improvement. On milk alone, without the addition of 
the cod-liver oil, recovery was much slower, and was frequently 
too late to ?ave the sight. 

A particularly mtcrcsting case noted was that of an orphanage in 
which there were 86 children of various ages up to two years. The 
inmates were divided into three sections, group I, made up of in- 
fants and ailing children, and two groups, lla and lib, of older 
children. Eight cases of xerophthalmia appeared in group Ila, while 

• Guerrero and Concepcion, Phil. J. Sci. 17, 99, 1920. 
' Mori, Jahrb. f. Kinderh. 59, 175, 1904. 

• Caeraj and KeUer, Dee Knules, Ldpae. MOO, pt 2, p, 07. 

• Monrad, Ugeak. f. Laeger, 79, 1177, 1917. 

Ronne, Ugesk f Laps?'-r, 79, 1479, 1917. 
ai Bloch, Ugeak. i. laeger. 79, 349, 1917; Ri«aho8p. Boerueaf. Med. 2, 1, 17; 
8. 07, 1918. Quotad in Rep. 38, Med. Bee. Com, p. 918. 
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the rest of the uifltitutioii was free from It Group I was reonvuig 
the whole milk, on which they aU made aatisf actoiy p r o g re e e. Group 
II received an apparently liberal diet of oocoa, buttennilk, milk foods 
made with separator milk, various kinds of breadi margarine, cereals, 
fruit eynipAf boiled fish, minced meat> and mashed potatoes. No 
butter, eggs, or cream was used, and no whole milk except a small 
amount which was given to group lib with a beer and bread por- 
ridge for breakfast. The children in Ila (the group in which the 
xcrophtimimia appeared) breakfasted off rusks and gruel and were 
given no whole milk. As this small addition of whole milk to the 
diet of one group was the only variation in the treatment of the 
older children it would appear that it must have been sufficient to 
prevent the onset of the disease in group lib. Local treatmente have 
failed to cure tlie eye condition (although it was sliglit in all cases.) 
Ten gms. of cod-liver oil were administeted tudee a day, resulting in 
a complete cure in eight days. Thereafter the separator milk in the 
diet was partly replaced by whole milk. 

On tite other hand, von Order" succeeded in maintaining two in- 
fante during their first halfi year of life on a practically fat-free 
diet, consisting at first of separator milk and sugar alone, and later 
of a porridge made with skimmed milk and sugar. The children 
grew at practically normal rate, and no symptoms of eye disease 
are reported, although there are some indications of lowered nutritive 
condition. Still more striking is the study reported by Hess " in 
which five infante varying in age from five to twelve months were 
fed for eight or nine months on a diet consisting of 180 gms. of 
highly skimmed milk ("Kr>stalak," 0.2 per cent fat), 30 gms. cane 
sugar, 15 to 30 gms. autolyeed yeast, 15 c.c. of orange juice, 30 gms. of 
cottonseed oil, and cereal for the older infants. On this diet they are re- 
ported to have done well and to have shown no signs of eye trouble. 

While these results indicate that a fat deficiency may be withstood 
for a comparatively long period without obvious injury especially in 
early infancy, it may still be contended that prolonged feeding on 
such diete may be respondble for the onset of the disease in question. 

That the fate themselves are not the influential factor is indicated 
by the cases refeired to in which the disease developed on a diet 
oontaining a moderate aino^mt at least of margarine, and finds con- 
firmation in the work of Osborne and Mendel in which they 
demonstrated that rate could be maintained in excellent nutritive 

u Von Order, Biodi. Z. 117, 811, 1010. 

u Hess, Fno. Am. Soc Biol. Chem., J. Biol. Chem. 41, nxii, 1030. 
i« O^ocae and Meadd, J. Biol. CaMm. 45, 145, lOOQ. 
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condition over considerable periods of time on diets practically free 
from fats provided they were supplied with adefiuate amounts of the 
vitamin id." If A is lacking in tlie ration on the other hand, the 
disease almost invariably mak^ its appearance among rats, evieil 
though the diet be amply supplied with lata mudi aa laid and cotton 
wed<nl.^ 

While there is general agreement as to the oloee eonnection of this 
disease with deficie^^ of A, there is some differenoe of opinion as to 
whether the eye-trouble Is the direct outcome of the deficiency or is 
an infection which is successfully resisted by the normal animal but 
which develops and spreads rapidly when the resistance is lowered by 
malnutrition. Hopkins and Chick state that animals deprived of 
A become highly susceptible to bacterial infection. 

In the case of rats they note that this loTvered resistance first be- 
comes apparent in many cases by the appearance of a characteristic 
infection of the external eye, which has been provisionally classified 
as a xerophthalmia. Osborne and Mendel** remark: "Another 
type of nutritive deficiency exemplified in a form of infectious eye- 
disease prevalent in animals inapproprutely led is speedily alleviated 
by the introduction of butter-fat into the experimental rations." 

Hess, McCann and Pappenhdmer^ carried out some teste in- 
volving feeding young rats a diet markedly deficient in fat-soluble A. 
The diet consisted of casein, rice starch, salt mixture and, as fatty 
material, Crisco was used. In one case yeast also was administered 
and in another series of tests the animals were fed oranes juice. A 
control set of rats received the same diet except a portion of the Crisco 
was replaced by 6% of butt^-fat. Tliey found that young rats re- 
ceiving the diet, complete except for lack of fat-soluble A, invariably 
failed to grow and generally developed keratitis. 

BuUey " kept about 500 young rats on experimental diets for over 
a year, 50 per cent having an adeqn ito amount of A, and the re- 
mainder on diets in which A was either deficient or absent (as shown 

» flee abo Dnmunend, Bioch. J. 18, 96, 1010. 

1* Qoldschmidt, Arch. f. Ophth. 00, 354, 1915; Frelse, Qoldtcliiiildt, and 

Frank, Monatachr. f. Kin !rrh 13. 121, 1915; Halliburton and Drummond, J. 
Phy«!o!. 51, 235, 1917; Stcenbock, Boutwcll, and Kent, J. Biol Chpm. 35. 517, 
1918; Steenbock and Gross, 40, 501, 1919; Steenbock and Boutwell, lb., 
41, 168, lOaO; 43, 181, 1090; 8t«eDb(»«k» Bd. 80, 8S2, 1010; Bmmett and Star, 
tevant, Sci. 52, 390, 1920. 

IT Hopkins and Chick, Rep. 38. Med. R^. Com. p. 17. 

38 Osborne and Mendel, J. Biol. Chem. 16, 431, 1913. 

^ Hess, McCaim and Pappenheimer, J. Biol. Chem. 47, 395, 1021. 

» BnUcfv Bioeh. J. 1|, 108^ 1010. 
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by failure to p^row). All were given fat-free alcoholic extract of 
yeast preparation as a source of B. During the whole period only five 
cases of xerophthalmia developed, of which two occurred on a diet 
which contained a limited supply of -.4; one occurred on a diet in 
which there was presumably sufficient A; one on a diet in which thwe 
waa no A; and one on tlia ample stock <tiefc. Two of the animals were 
growing well at the time, one lemained with weight uncfaaneed, and 
one lost weight Each experiment lasted three or f om* months, and in 
each at least eight other rate were used which showed no sign of 
xerophthalmia. Btilley also reports unpnblished experiments carried 
on Totani, who kept rats for many weeks on a diet of extracted 
starch, extracted casein, sugar, lard, and the artificial salt mixture of 
Osborne and Mendel, without any signs of xerophthalmia, although 
Hopkins had previously found that this identical diet brought about 
typical xerophthalmia within fourteen days. Bulley believes tiiere- 
fore that xerophthalmia is an infection, and i\v\i improvement on 
addition of to the diet is simply the result oi general improvement 
in health. 

Stephenson and Clark " ascribe Bullcy's results to lack of suffi- 
cient purification of the basal diet. They found that among 46 rats, 
on a diet deficient in A, 28 per cent developed the typical eye-trouble, 
which was cured in every case by administration of A. 

Against the theory of infection is the fact that the disease cannot 
be transmitted from one animal to another.*^ Moreover, althougb 
absence of any one of the essential factors from the diet resulte in 
malnutrition, the xerophthalmia referred to is jpnerally regarded as 
specific to deficiency of A. Steenbock ** states that an indistinguish- 
able form sometimes occurs in animals on other rations,*' a theory 
which would serve to explain the observations of Funk and Macallum. 
These observers " found that rats fed on a yeast and butter 
diet often exliibit the eye affections regarded bv mo^i investi- 
gators as characteristic of dietary deficiencies. Macallum noted 
that the substitution of moist brewers yeast for the dried form relieved 
the eye trouble to such an extent that it could be easily controlled by 
the use of dilute sulphate solutions, and Funk and Dubin" have 

Stevenson and Clark, Bioch. J. 14, 502, 1920. 
n Enunett, Sci. 52, 157, 1920; Nelson and Lamb, lb., 566; Am. J. Physiol 
51, 5ao, IflW. 

" Steenbock, Sci. Mo. 7, 179, 1918. 

? c also Steenbock and Boutwell, J. BioL CSifem. 41, 90, 1920; Bullej, 
Bioch. J. 13, 103, 1919. 

« Funk and HacaUum, J. BioL CSiem. 27, 51, 1916. 
» IfacaUoB, TV. "Baof, Gkn. Lutit, 1019^ p. 175. 
M Ponk aad DnUa, 8d. 51, 418, 1990. 
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reported that out of 30 rats on artificial diets only one developed 
kcratomalacia, and this was one which was getting five per cent of 
cod liver oil in the ration. In this case the eye condition was cured ' 
by the adrainistrfttion of about 2 cc. of autolyzed yeast per day. 

McCoIlum *' regards xerophthalmia as a true deficiency disease 
specifically due to a hu k of A. His view is confirmed by Emmett" 
who reports that out of 122 rats in a group fed on a diet in which 
A was lacking, 120 ^98.3 per cent) showed positive signs of xeroph- 
thalmia sooner or later, and when A was present, with or without 
none of the 319 rats under observation showed evidence of this 
trouble. All the rats were fed individually in practically every case. 
They were kept in metal cages without any bedding, jwovided with 
a special removable wire screen floor. The cages and the food and 
water cups were always disinfected once or twice a week. The con- 
ditions were precisely the same for all the rats and the possibilities 
of infection were liniform. 

Osborne and Mendel have reviewed the statistics on 1000 rats 
from their own stock to which no animals have been admitted from 
extraneous sources for several years. 

All of these animalfl have been unde^ etudy for at least a year. Th^ are 

kept in the same laboratory under conditions which are identical except as to 
diet. Their cages are sterilizcci twice a week, buf the rata are rcpularly woighrd 
in a common container, and it is stated that the proximity of tlie open-mcsh 
wxe cages to one another offered sufficient opportunity for dissemination <^ 
eoatacioin. Nevertheless, in obsewations on sevoal thousands of rat«j tliey have 
nevpr ob^cn^cd the distinctive symptoms of eye flippfife in any animals except 
thase suffering from deficiency of A. The results for the particular group under 
oonsideration are summed up as follows: 
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In only a few cases did admini^fration of A fail to effert a cure. In a n»im- 
bcr of cases a dosage of 100 mg. oi bulter-fat per day eflccted a cure witiun a 
week, and in others 42 mg. of grass oil per day relieved the i^ptoms within 

If HcCollnm and Simmoads, J. Biol. Chem. 32, 182, 1917; McCoUiini, 

Simmonds, and Parsons, lb. 3^, 124» lOlO. 

2s Emmett, Sri. .V2 1'7 HL>0. 

s» Osborne and Mendel, J. Am. Med. Ass. 76. 905. 1921. 
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10 days, 70 mg. of alfalfa oil within seven ihivn, an<i 66 mg. of spinach oil withia 
21 days. They point out that the xerophthalmia is rare in more mature animals 
even on diets free from A. Freise, Goldschmidt an»i Frank (1. c.) could not 
observe it in rats which weighed more than 120 g. when the experiments started. 
Osborne and Mendel, however, have o<Tiu<ionally observe*! it even in large 
auimab. 

McCoIlum ^° cmpliasizos one point which may help to explain some 
of the apparently contradictory results of different observers; namely, 
that an amount of .4 which is amply sufficient when the diet is other- 
wise well constituted will prove inadequate in other cases where the 
quality of one or another factor is of a low order. In the case of 




Fio. 20. — This child wu.s ft'tl on .-kimnuHl milk 
and as a re.>*iilt an ulcer developed on one eyeball. 
The remedy is the use of plenty of cream, butter 
or cod liver oil. 

Courtesy of the Connecticut Agrciultural Ex- 
periment iStation (Bulletin 215, Pbotogmph from 
Bloch). 

animals on a diet consisting principally of seed products it has been 
found tliat xerophthalmia develops unless additional A is supplied. 
If, however, the seed ration is supplemented by additional protein 
and inorganic salts, in both of which seeds are deficient, the animals 
may witiistand the onset of xerophthalmia for a long time, even 

McCollum, '"Newer Knowledge of Nutrition." p. S7; McCollum and 
Simmonds, J. Biol. Chem. 32. 347, 1917. 
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thougli no suppk'iiirntary .1 is Kivcn. whereas if the deficiency is made 
up in respect to one factor only, for instance inorganic salts, the com- 
bined effects of hick ot two factors simultaneously (in this case pro- 
tein and A) will ha>ten the onset of xcrophtliahnia. 

"When judj^inp; the effects of the diet on an animal, McCollum advo- 
cates the precaution to take into account the fact that the diet is a 
complex thing, and that if it is properly constituted with respect to 
alt factors but one an aidmal may tderate it without apparent injury 
whether the fault lies in one or another of the essential components. 
Hence the value of one component may fall well below that which 
will lead to serious mahiutritioD, when a second dietary factor is like* 
wise inadequate. 

Tlie suggestion has been made occasionally that " night blindness '* 

is a deficiency disease occurring in adults but related t^j the xeroph- 
thalmia of children and animals on a diet deficient in A, The observa- 
tion that mature animals are very little susceptible to eye trouble as 

a result of such deficicnry wotild raft some doubt on thi'-- theory. 
More convincing;, however, are the observations made by Appleton 
in the course of a study of the diet in I^abrador,'* from whicli the con- 
clusion is reached that ni^^ht blindness is a negative after-image 
following long exposure to the dazzling glare of sun on snow. A poor 
diet may increase the probability of seeing after-iuiages just as fatigue 
does. The disease occurs alnio.st exclusively among men in Labrador, 
and yields readily to any treatment. Only two cases could be found 
to have occurred among women. 

" Appleton, J. Home £c. 13, 199, 1921. 
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PELLAGRA 

Whether pellagra is or is not to be regarded as one of the 
deficiency diseases from the point of view of the vitamin hypothesis is 
still open to question. There is, hovve\ er, sufTicient evidence for the 
aiErmative to warrant its consideration at Icast.^ 

The diseafie is one wliich lias been common for centuries in some 
parts of Europe, notably in Northern Italy and lloumania. It made 
its appearance in Southern France in the disastrous period following 
the reiKD of NapoleoBi but disappeared later, apparently with the 
betterment of eoonomic conditions, and is now almost unknown there. 
While there are records of occasional cases in the Southern United 
States as far back as 1828/* it was little known until about the begin- 
ning of the present century. In the course of the last twenty years 
it has increased rapidly, no fewer than 500,000 cases having been re- 
ported within this period. The Metropolitan Life Insurance Com- 
pany, which operates extensively in the cities and towns of the South, 
records 2,310 deaths from this disease between 1911 and 1916, a death 
rate which is higher than that for either malaria or cjoneral tuber- 
culosis. In 1916 pellagra ranked fourth as a cause of death in 
Mississippi, with 840 deaths, third in Alabama, with 677 deaths, and 
second in South Carolina, with 627 deaths. At the time of the second 
Pan American Scientific Congress it was said to be practically un- 
known in Central and South America, but Roberts has recently stated 

1 Babes ('Bull. pop. ^n. hvm\. Roumaino 6, lv{>^. 1920) ronslder'? ihwt rfctnt 
researches have not been of a nature to clariiy either tlie etiology or the patho- 
genesis of pellagra. He thinks they have only increased the uncertainty by 
new hjrpotbews, by muinterpretattoii of facte, and by pooriy executed wcnrk 
which will pass into oblivion. The following facta concerning pellagra he avers 
have hern established: (1) The close rclntionship of tho disease with the eat- 
ing of maize, especially unwholesome mai^e. (2) The predisposition produced 
in inanition, weakness, congenital deteriorati<m e^tecially of a nervous typB, 
certain diseases, and convalescence from these diseases. (3) The specific nature 
of prlla^iia. (4) The favotable action of an abundant mixed diet and the ad* 
ministration of atoxyl. 

Goldberger, Proo. 2nd, Pan. Am. Sci. Cong. 1917, Section 8, Pt. 2, p. 20. 
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that it is now found in Mexico, Yucatan, Panama, and the Hawaiian 
Islands, as well as in every state in the Union. 

It is very comuiuiily asserted that pellagra attacks the white race 
more frequently than the negroes, but while this is true in certain sec- 
tions of the country, in others the reverse holds. In Charleston, S. C. 
there are aaid to be three cases among the colored population to every 
one among the whites, while in Alabama the diaeaee is evenly dia- 
tnbufted among the negroes and the whites.* 

It has very rarely been observed m children under the age of one 
year, but is not so rare in the second year and fairly common between 
two and twelve years. The period from twelve to sixteen years is 
relatively free from initial attacks of pellagra, but after abcteen, pel- 
lagra incidence rises rapidly in women, the rise being especially sharp 
in colored women. It is very much more common among women than 
among men. In a group of 414 cases between the ages of 20 and 44 
coming under the observation of the Thompson Pellagra C(immi?!- 
sion there were 357 women as against 57 men.' Between the ages of 
20 and 50 years, however, the number of women attf\fked gradually 
diminishes and the number of men gradually increa.scs, so that the 
two sexes are approximately equal in this respect at 50. In old age 
the onset of pellagra is slightly more common in men than ui women. 

Hie disease is a periodic one, appearing in the spring and early 
summer and disappearing again as colder weather sets in. The symp- 
toms are described by Goldberger * as follows: 

In a fairfy wall devsbped though not advuMd csaa the disease shorn itadf 

by a vanVty of symptom!!, of which weakness, nerTotisne.«?!», indigestion, and an 
eruption form the most distinctive combination. The eruption is the most 
characteristic telltale of the disease and the main reliance in its recognition. 
When the eruption fint diowB itwlf it may look very modi like a eiinbuni, tiie 
deceptive reeeinblance to which may, in some cases, be heightened by the nibee- 
quent peeling with or without the formation of blisters. In many cases the 
inilamed-looking akin first turns to a somewhat dirty brown, frequently 
parchment-like, then quickly becomee rough and scaly, or erftdcs and peela. In 
many instances, however, the beginning redness is not noticed or does not o<Mnir» 
the first and perhaps the only thing observe<i beinp tlie dirty-lookiuK scaly patch 
of nk'm very much like and frequenUy thought to be no more than a simple 
weatiiering or chapping. 

Among the moet dietinctive peculiarities of the eruption is its preference for 
certain parts of the body surface. The backs of the hands in adults and the 
b^irk" of the feet in children are its favorite pite^ Other parta not infrequently 
attacked are the sides or front of the neck or both, the face, elbows, and knees. 

< Siler. Proc. 2nd Pan. Am. Sci. Cong. Sect. 8, Ft. 2. p. 14. 
• SUer. lb. 

« Goldberger, Pub. Health BcirtsL 88, 181, 1018. 
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From these or other points, for it may attack any part of tiie body, it nugr ipnad 
to * vaiying degree. Another naiked peeulierity of the eniptioii is its lendenej 
to appear at about the same time, and to cover similar areas, both as to extent 
and peculiarities of outline, on both sides of the body. Thus it may be stated 
as the rule that if the back of one hand or of one foot, one elbow, one knee, 
one aid* of tibo nook, one dieek, or the lid of one oye is affected, then ths eom- 
sponding pert on the other side of the bodj is sffeeted, and affected to almost 
exactly the same extent. This rule, howevfr, i<; not without many exceptionSt 
It must not be assumed, because the baclc of one li ind or of one foot or of one 
side of the neck alone seems to be involved, or is mvuived to so slight an eX" 
tent as to be ahnost nothing in oompeiison with the invohrement of the other 
side, that the possibility of the disease being peUagn uegr be thxown out of 

conrt withont further nclo. 

Although the mam reliance in the recognition of the disease, the eruption of 
pellagra, not infrequently is very tardy in making its appearance, while, until 
it appears, it is otdinarily imposnble to detsnnino tho pre s en ce or sbseoee of 
the disease witli certainty, a i^uwd suspicion may, nevertheless, be formed 
from a careful consideration of the other symptoms. This applies only to a 
hmited extent to children, in most of whom the manifestations of the disease, 
other tiian the eruption, are slight end f^eqpiently difficult or impossiblo to make 
out. It liss happoied more than once HuA the liveliest of a group of diildren 
was found with a well-developed eruption. Notwithstanding this, however, care- 
ful questioning of the mother, if she be observant, not infrpq'ipntly develops 
the fact that the child seems to her less active than common; in some cases it 
is ervidently listlees and fretful and the mother may niso recognise that it has 
fallen off in nd^t. In older individuals a compliant of loss of strength with 
ir!dipr>t:tion or nervousness, or both, rominp; on or made worse in the spring or 
summer and improving in the fall and winter, are very frequently met with. 
The patient will complain of being " worked out," of having " blind staggers " 
(dfssinem, ▼ertigo), of discomfort or pain in the pit of the stomach, frsquently 
of headache^ smnetimes of wakefulness, ih^uently also of duggishness of the 
bowels, requiring the habitual use of medicine to move them. Although, as 
has already been said, these symptoms alone or even with the addition of such 
eymptoms as a burning or scalded feeling of the mouth, reddened tongue, burn- 
ing of the hands or feet and loose bowels are not enou^ to distinguish pellagra 
from other conditions, they are ample to justify a suspicion of the disease, 
especially if such individual is known to be finicky or a nibblcr about food, or 
has been living on a diet made up largely of biHcuiUs, com bread, grits, gravy, 
and sirup, with little or no milk or lean meat; m other words^ on a diet mainly 
of oerenls, starohaB, and fat, with but little, if any, of the animal fledi (protein) 
foods. 

As the disease progresses the patient los^ strength and fles=h, the .skin shrivels 
and the bones become prominent. The muscles waste and the movements are 
slow and languid. The nerrous qrmptoms consist first in a melancholia, later 
toe delirium may become maniacal in ehaiaeter; twitdhingi, trunon or epilsp- 
tie seisuies axe frequently seen. 

Boyd/ dimimng the disease as it appeared among the Turkiah 
imsonen in Egypt, states that the first symptoms appeared to be 

• Boyd, Roy. Soc. Med. Sec. Ther. and Farm. Nov. 1910, Lane. 1919, ii. 979. 



Digitized by Google 



PELLAGRA. 



915 



loss of appetite, followed by failure of hydrochloric acid, failure of 
pancreatic juice, failure to assimilate, decomposition of protein, and 
finally excretion of indican. Tliere was also severe loss by diarrhoea. 
Metabolic observations were made upon Turks who did not show 
these symptoms, and it was fomid that their CKcretion of fat and pro- 
tein were hoth well above the nonnal, showing that th^ were already 
in what mi|^t be called a pre-pellagrous fltate."* 

Lewis * reports that the ehenucal composition of the blood of pella- 
grins shows no abnonnal deviaiionSi but degenerative changes have 
been observed in the tiflsue* and in the cells of the sympathetic ner- 
vous system." 

According to Nicolaidi,* a comparison of analyses of feces, urine, 
and food of pellagra patients shows that considerable demineralization 

orrurs in the organism; there is n pronounced decrease in the amount 
of nitrogoii, phosphates, miii^nesia, lime, and potash excreted in the 
urine and a siirprii^irij? increase in the amount eliminated in the feces. 
Comparative experiments witii patients suffering from other similar 
affections showed that this derangement of absorption is quite charac- 
teristic for pellagra. Hunter, Givens and Lewis " found, however, 
that pellagrins have no diiliculty in maintaining nitrogen balance even 
on moderate amounts of protein in the food. 
Sidlivaii, Stanton, and Dawson** state that the mineral metab- 

Various theories regarding the cause of pellagra are reviewed by Vi* 
■waliagim (J. Trap, Med. Byg. si, ISB, 1918; ss, 1100; Expi. Sta. Baeord 

43, 263). Further evidence is given in confirmation of the view that both the 
deficiency nnd t!;e parasite? theory hold pood in the etiology of the disease 
among the Chinese in the Malay States. The freedom of the Malay and Tamil 
laborers from the dieeaae is thought to be due chiefly to the better quaUty of 
th«r diet, wfaieh i nd u dee a varielgr <tf ftwh vegetehlo and mora «r leei meat. 
That faulty diet is not solely responsible for the diseaie is shown by the sea- 
sonal recurrences of rymptoms in patients placed in a hospital with adequate 
diets for considerable periods of time. " Whether the infecting agent is an or- 
ganism nhidi enteit the gMtro^ntestbel qrelem and produoee a toodn lAidi 
gets absorbed into the system and produoee tiie varied symptomatology, or 
whcthnr owing to a deficiency in the vitamins poine deleterious products are 
created in the intestines and give rise to an intoxicatioa of the lystem, it 0 
difficult to say at pr^nt." 

• Lewtt, Hyg. Leb. Bull. 116, p. S7» IMO. 

V Sundwall, U. S. Pub. Health Bull. 106, 5, 1017. 

» Roof, Roy. Soc. Med. Sect. Ther. and Pharm. Nov. 1919; Lanr 1919, ii, 
079. See also Vedder, 3rd Rep. Thompson, Pell. Com. p. 340; Roberts, Pel- 
lagra, St. Louis, 1012; Wood, TVeetiie on Pellagra. New York, 1013; Pollock 
■nd Sbiger, Arch. Int. Med. 11, 565, 1018. 

» Nicolaidi. Zontr. Bioch. Biophys. 15. 815; 16, 678. 
" Hunter, Givens, and Lewis, Hyg Lab. Bull, 108. 
1^ SuUiTan, Stanton, and Dawson, Arch. Int. Med. 27, 387, 1921. 
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oliam of pellagnns MeniB to be abmomial, especially ia the actively 
pcIlagRMiB state, as ioBtanced by the low phosphoraB eKcretion, desjnte 
the faot that the di^ taken at the tiqie of the obeervataoiia vaa gener- 
ally one with abundance of milk. There were indioations of heightened 
putrefaction In the intestines, and casts or albumm or both in the 
urine gave evidence of more or less kidney change in about 60 per 
cent of the oases, although marked pellagra can occur with no evi- 
dence of kidney change. They observ ed low excretion of total nitro- 
gen and ordinary urinary constituents. The urea ration in general 
was low, and in certain cases with fair total nitrogen the urea ratio 
was lower tlian should be expected, a hnding which suggests livor in- 
snflScicncy The low excretion of uric acid and creatinin during the 
active stages of the disease shows a low level of metabolism. The 
utilization of protein was lound to be subnormal, even after several 
weeks of remedial diet. 

Murlin iound that tlie quantity of hippuric acid excreted by pel- 
lagrins, especially those kept on a corn-vegetable diet, was from two 
to three times the quantity excreted by nonnal men on a normal diet, 
and suggests that this may be a factor of some importance in coonee- 
tlon with the disease. 

VoegtUtt and Harriet^** made chemical analysefl of the bretit milk from 
five WMS of vneomplioated peUagnt and found no itrildnc devtadons in eom^ 

poeition from normal himi&ii milk. Lactose, fat, total N, and total aolids were 
within normal limita but below the average. Casein and lactalbumin ehowed 
but a very moderate diiminutioa. Total ash and P,0^ content were normal. Ci 
and Na were preaeut in larger amountt llkin normal. The peraentegp of Ca, 

Mg and K waa slightly bdow normal. Teste were not made for the vitamin 

content of the milk, and it may possibly have been lacking in these corapouuds. 
The total volume of the milk was frequently greatly diminished. Bodi totnl N 
and non-protein N in the miUc were apparently increased by u change irum a 
low-ptotein to a Uyhiprolein diet 

Gastric digestion is frequently below normal, due to hypoacidity 
and to reduced pepsin content ^* in the gastric juice. Preti and Pol- 
lini *• report that several enz\ matic processes me eiLlier entirely sup- 
pressed or proceed irregiUarly. In many cases neither rcnnin nor 
rennin zymogen could be detected and failnre of the pretedytic and 
amylolytic power of the feces was also observed. Some cases are 
characterised by profuse diarrhoea, others by persistent constipation. 

» MnrUn, Byg. Ld». BulL 116, p. 46, llOO. 

Voegflin and Harriee, V. 8. PubUe Health Ser. Hyf. Lab. Bull, ti^ 78, 

1020. 

^> See Meyers and Fine, Am. J. Med. Sci. 145, 705, 1913. 

^* Hunter, Givena, and Lewis, Hyg. Lab. BulL 1€>. 

» Pretl aad PttlUai, Bif. Had. lUl, No. 87; Zantr. Bioeh. Biophys. 13^ 64. 
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A great variety of theories have been advanced as to the cause of 
pellagra. From the frequency of its occurrence among maize-eatinc; 
people it was at one Lime believe^ Llial this grain or some constitueut 
of it was responsible,^' but thiS hypothesis, so far at least as it sup- 
poees a tone flubstanee in or foimed Irani maise, has been 
discredited.^^ 

Voegflin** oonduded fram the dinical and pathological aspects 
of the dieeaee that it represents a dironie intoxioatioii from some unr* 
known substance in the veg^ble food, but notes that defi<aency of 
either vitamins or amino acids might also be accountable. 

Raubitschek regarded the ssrmptoms as due to a photodynamic 
action of sunlight in the presence of some constituent of com. This 
view is supported to some extent by Suarez,** but disputed by Ruhl *^ 
and Rondoni." Allesandrini and Scola " suggest that pellagra is 
silica poison ill c, due to the presence of colloidal silica in the drinking 
water. Aulde li:is advanced the theory that calcium depreciation 
is responsible. Biosser ^' ascribes it to excess of sugar cane products 
in the diet, since exclusion of partially refined sugars and sirups from 
tiie diet was followed by a cure in 121 of his cases and improvement 
in eight, while four died. Yarborough^* regards it as an auto- 
intoxication (acidosis) due to a diet rich in carbohydrates. Certain 
authors have endeavored to trace a connection between the intestinal 
bacteria and pellagra.*' Others'* have regarded it aa an infection, 
probably of a protosoal nature, carried by sand flies. All attempts 

1" Sef^ Horbaczevski, Gas. Lek. Ces., 1920, No. 37; Zcn^r. Bioch. Biophya. 
10, 932; Car bone and Cazzamalli, Gioro. r. eoc. ital. d' igicuc, 1914, 5, 51, 90, 
151; Zentr. Bioeh. Biopbys. 17, fl85, 1916; Volpio, Pikfhologica. 5, 174; Zentr. 
Bioch. Biophys. 16, 370; Volpino and Bordoni, Pathologica, 5, 602; Zentr. Bioch. 
Biophys. 18, 459, 1016; Rondoni, ^penlIlMltale« 09, 723^ 1916; Trap. Dis. 
Bull. 7, 63, 1916. 

IT Sambon, Brit. Med. J. 1913» U, 1, 9, 397. 

*• Voecdin* J. Am. Med. Abb, 63, 1004, 1014. 

1* Raubitschek, Oentr. Btkt 1, Abt. OiBi* 67, 108; Winwr Klia. Woebeni^ 

1910, 963 

w Suarez. Biock Z. 77^ 17, 1916. 

u Rnhl, Dermatol. Woch. 60. 113, 151, 176, 1015; Trop. Dis. Bull. 7, 65, 1010. 
Rondoni, Lo speriment, 65, 307; Zentr. Bioch. Bioj^Qra. 12, 716. 

»3 Allesandrini and Scola, Z Chomother. Olig. 2, 160. 

«« Aulde, J. Med. Rec. 90, 181, 1916. 

t& filosser. South Med. J. 8, No. 1 ; J. Am. Med. Ass. 64, 573, 1915. 
M Ttrborouffli, Med. Ree. Sept. 1016. 

Neusser, Wicn. Mc 1. ^r^^^e, 1«S7, iv, 146. De. Giaxa, Aonali dljBieil. 
Soer. Roma, 1892, 1903; McNeal, Am. J. Med Sci. 145, m\, 1913. 

«• Sambon, J. Trpp. Med. 13, 271, 287, 305, 319, 1910; Roberts, J. Am. Med. 
Am. 66, 1713, 1011. 
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to transmit thft diaeaae frsm one pcnon OP one siuinal to «iioth» have 
failed, howwer.* 

The Thompson Pellagra Commission *° has compiled a bum of 
evidence which they believe indicates that the diaease is communi- 
cable and has its origin in defective sanitary conditions. They state 
that new cases upimlly occur during or within six months of residence 
in close proximity to a pellagrin in the active stage o( the disease, and 
that the installation of a water-carriage system of sewage disposal 
at Spartan Mills, without any change in the habits or mode of life 
of the inhabitants, traDsformed the communiiy from a pellagra focus 
to one in which pellagra no lunger spreads. Although old cases still 
suffer recurrence, even these have decreased in number. 

Jobling and Peterson,'^ in their survey of pellagra in Nashville, 
came to practicaUy the eanae eoneluaioiiB as the Thompson CQnunis- 
iioiL Th«r oboemtion that a dose relationahip ensts between the 
sanitaty eonditkm of the different parts of Nashville and the ineidenoe 
of pdlagra, tends to skioogjly support the view that the disease is asso- 
ciated with poor sewage disposal. The sanitary eondifions in those 
distriets where pellagra is ooounon are of the worst sort^ in many in« 
stances there being little pretense made of doing anything with the 
excreta, which in summer is covered with fUes. Screening was usually 
absent from those houses where the disease was found. Vedder, on 
the other hand, holds that the proofs offered in support of this theory 
are insufficient and susceptible of other interpretations.^' He says: 

To accept this zone distrihuf ion of casc.^ as pointing to an infectious agent 
as tiie cause of pinllaCTa appears to involve an inconsistency. We must neces- 
sarily afisume that the infectioua agent is oonveyed in some manner Iroiu house 
to house, and also from tiia fravMnor with whioh taa$Sgamm houpes are at* 
tacked that it is sumplibls of bdng distributed with a ooDBidenble degne of 
certainty. In other words, we must asstjme that the organism causing the disease 
must be veiy hi^y infectious if it is capable of making it dangerous to live 
aeatt door to a ease of pellagra. Yet, in inatitutioas, pellagra in a doctOT, nurse 
or attendant is so nto as to be a euriositgr. Hen thore is an hifeetion eo ponoi^ 
ful thnt it often sprca l-i frnm house to house, and yet which is powerless to 
attack attendants performing the most intimate of personal service.^. Such a 
peculiar incidence is conceivable in a disease carried by an insect, if the hospital 
attendants were protected from thai ineeot. But as the method of transmissioa 
is unknown, measures to prevent insect tmnsmission could not have been intel- 
ligently adopted in the«e in^^titntioDSy many of whioh tvs infested with bedbusi» 
lice, biting flies and mosquitoes. 

Lavlnder, Francis, Grim, and Lorenx, J. Am. Med. Ass. 62, 1003, 1914; 
Ooldberier, Publ. Bmllh. Bepte. SI, 81SB, im, 

'0 Slier, Qtnlaoa sad McNoal, Snd snd 9td Bepts. Thompson MItgra 
Commission. 

Jobllnft and Peterson, J. Infect. Dis. 18, 601, 1916. 
Vo4d«r, M Bep. Thompeon Pdt Com. 
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1m tb«ra ft t«nd«iMy of pellasm to oeeur in tiwt ptrl of » oomimiitHy Ittving 

a primitive system of dispoeal of excreta and to be abeent in the 
portion having a proper eewer system? The commission has shown 
that pellagra ia Spartanburg is much commoner in those sections of 
dift vity having privin thia in tbow seetioiia of tho dty having a wwer igrstem. 
The sewer system nina throu^out the business sections and better residenoe 
districts, while the poorer residence diltricta, incliulinpi: tlie sever il fori of mi!! 
workers, are not thus suppHcd. . . . The commission pomta to tiie 
epidemic of peiia^^ occurrmg m Peoria as an inistance of the occurrence 
of tho diasMB in ft wdl-wwivad inatitation, but tiiinlai that ilie dimN 
in thai case may havt btftn ^mad hf ootttftt^. While froely granting this, 
we mnit wf^p that the occurrence of such an extensive epidemic of pellagra in a 
well-scwered institution must necessarily detract from the importance of the 
Mwer system alono aa a factor in reduoing the pntftloneo of pellagra in the aeo- 
tions of Spartanburg it suppliea. It diould further be remembered that as pel- 
lagra in the Peoria institution disappeared after a radical change for tlie better 
had been made in the dietarj', together with the enforcement of segregation of 
pellagrins, the disappearance of the di^ase cannot logically be attributed to the 
latter faot alone. Of eoune ft brief diaeuanon of one or two ieolated inslancee 
ean not do justice to the la^ number of observations accumulated by the 
commi^ion on this point, but apparently the commi&sion does not helier-e that 
they have any direct proof that pellafp'a has disappeared aa the result of im- 
proved methods of conservancy alone. 

It is to be noted in this connection that Boyd states that the sani- 
tation and water supply was entirely satisfactory in the prison camps 
in Egypt in which the disease developed, and that an exhaustive 
search for any causative origin other than a faulty diet was without 

result. 

Goldberger is the leading exponent of the theory of dietary origin 
for pellagra.** Investigation has shown that the diet of pellagrins is 
ahnoBt invariably restricted and ill-balaneed. Fat and carbohydrate 
predominatOi and animal protein ia low, aa may bo seen from the 
following diets taken from those reported by Vedder ** aa tsrpioal: 

hUm T., mill operative. Breakl&st. Hot biscuit, butter and molasses; rice, 
ooftMinnaMy; eanned Mhnon frequently; eggHt a couple of timee a wedc; eoffee, 
glass of milk ftt timee. 

Dinner: Meat, usually bacon boiled with vegetables; had fresh beef once 
or twice a week, fried and usually overcooked; chicken or rabbit about once 
a month; had vegetables, such as Irish potatoes, sweet potatoes; in winter used 
canned vegetables, but in summer had string beans, com, peas, onions, eto« 

combread made of shipped meal. 

Supper: Combroftd and btittermilk; drank about a quart of milk daily 
(her estimate) ; ate a goo<l deal of candy and always had plenty of fresh fruit. 

83 Goldberger, Pub. Health Repta. 20, 1683, 1914; lb., 30, 3117, 3338, 1915. 
Goldberger and Wheeler, lb., 30, 3. 1915. See also, Vedder, Arch. Int. Med. 
18, 137, 1916. Goldberger, Wheeler and Sydenstticker, J. Am. Med. Aaa. 71, 
m, 1918. •* Vedder, ftd Rep. Thompson Fdl. Com. 
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ThaM funily (fatber and mother and aeven children from 20 years of age to 13 
months) purchased each month: 100 pounds of wheat flour, two bushels com 
meal, one bushel Irish potatoes, hominy and rice as desired irom time to time, 
and no Moount kqii. 

Ua, housewife m mill villiie: Braakfart: Biaeuiti or bnad; hJhioil 
twice a week, other mornings bacon; coffee, eggs rarel'-v 

Dinner: Tomato soup; salt pork boiled witli vegetables, ufjtially cabbage, 
sometimes string beans; Irish potatoeis; freah meat only on rare occasions in 
the winter, never in eununer; biaeuit or com bread. 

Qappv: Bread with milk wban thfl(f oaa get milk; bread ie the main part 
of suppor with anything left over from dinner; occAsionally something canned. 
There are nine in the family, with seven children, from fourteen years to four 
months^ and they purchase every month: 100 pounds flour, one budwl eom 
meal one peck Iridi potatoes. 

Mrs. B., wife of mill operative. Breakfast: Rice, oatmeal occasional^', 
hominy frequently, bread, butter and. jeUy; oofiee; C80s leverai days a week^ 
ia winter fresh meat once a week. 

Dinner: &iah potatoea, bacon and TCgetabtea, beans, peas, or turnip greens; 
bread and butter. 

Supper: Irish pofntnrs combread sometimes, otherwise wheat bread, butter, 
and anything left from dinner; drinks no milk; has a chicken ooeaaionally, but 
not often. 

Vcdder iimis up his ofaflervaiioiui as follows: 

In general it may be said that the great bulk of the food of these 

poorer pellagrins consists of wheat flour, commeal, potatoes, salt pork 
and U^ed vegetables, and that during the winter even these latter 
are scarce and consist chiefly of beans and cabbage. In some instances 
a considerable amount of canned meats and vegetables were used, 
but most of the pellagrins did not use these to any extent. It will be 
seen that the great bulk of the food consisted of r;irhohydrates and 
that protein foods such as meat, milk and eggs arc relatively little 
used. It is also important to notice that wheat flour, eornmeal and 
salt meat are deficient in both scurvy and beriberi vitamins. Pota- 
toes possess the scurvy vitamin, but are relatively ver>' low in beri- 
beri vitamins. It has been demonstrated that the vitamins present in 
canned goods may be destroyed by the sterilization to which they are 
subjected. It is therefore dear tliat these people are living in great 
part on foodstuffs the oontinued and disproportionate use of which 
wiU produce either beriberi or scurvy, or both. It may be asked why 
these people do not suffer from these diseases. This is because thsy 
all eat sii^fident fruit or fresh vegetables to protect them from scurvy, 
while many of them eat peas and beans frequently. These rank as 
good preventives of beriberi. But it is quite reasonable to suppose 
l^at possibly there is some third deficiency in wheat flour, combread, 
etc., from which they are not protected by these additions. Generally 
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speaking, and with the exception of moat, which is not used largely 
by the poor, the diet is much more limited in the winter. If pellagra 
18 a deficien<gr diseaaei it is during these winter months that it develops 
and the symptoms appear in the spring. At about that tune eggs, 
milky fresh vegetables and fruits become abundant and cheap, are 
used in considerable quantities as compared with the winter diet, and 
the patients for the most part recover, only to develop another recur- 
rence the following spring after another winter on a cooqiaratively 
limited diet. 

To the cases above mentioned, all of which came from the poorer 
classes, whose diet, is largely governed by necessity, may be added two 
or three coming from well-to-do families: 

Mrs. D., housewife in omnfoitable circunutaDoes. Breakfast: Grits or oat- 
meal, ham or bacon; eats an egg about two mornings a week; bread, biscuit 
and poHtum. States that the chief p«rt of h^ breakfast is bread and butter 
and postum. 

Dinner: Soup (cumed), beans, and Iridi potatoes; cabbage, oom and other 

vegetables in summer, but all wiutcr main part of rlinner IB beaofli Slid pota* 
toed; bread ^ikI often pie or cake; one glass buttermilk. 
Supper: iaaine us dinner. 

Meat ia aerved often but pataent etatee that d» does not eare for it and 
abaoH never eata it. Thiee adults in family purchase monthly: 100 pounds 

flour, one peck commpal, one peck potatoes. 

Mrs. B., wife of hardware dealer in comfortable circumstances. Breakfai$t: 
Homifiy and other oera^; one egg, nearly every morning; biscuits or toast or 
batter cakes with coffee; very rarely a email pieee of iteak. 

Dinner: Macaroni, o<ca.sional1y, usually Irish potatoes or rice, steak it 
ser\ed for the rest of the fanaily, but she never eats it. States that she never 
ha« cared for meat. Occamonaliy had chicken or fish and might eat a little of 
theee. Piactically no vegetablee in the winter, when aha ate abnoet nothing 
but potatoeo and bread. Even during the summer, when vegetables were plenty, 
phe ate mostly pot^itoes, as she preferred them. Has also been a hearty brea<l 
eater, and eats more of this than anythmg else. Says she oould almost live on 
bread 

Supper. Juat bread and jalbr. Hae eaten thia for aupper aa loos aa riie can 

remember. Did not drink milk, and used very little butter. Haa oontinued 
cutting one thing after another out of her diet because she thought the fooda 
thus omitted were the cause of indigestion, and for nearly a year before her 
illness, lived ehiefiy on bread and potatoee. 

Mrs. T., housewife in well-to^o cireuniatancea. Bieakfaat: Either o at meal 
or grits; bacon or ham; uaually ate an en aereial tunea a week; bread, butter 
and cofiee. 

Dinner: Usually salt pork boiled with vegetables. During the winter when 
there were not many vegetables, need canned goods. Also had canned aalmon 

and salt fish. She served fresh beef aevwal times a weel^ but she did not care 
for it and seldom ate it Ate r pmaU p'lprn of rhirken several times a week. 
She always had boiled nee and aluo iriah potatoes and ate freely of both, and 
alao of bread. Usually had cake and atewed fruit for dessert. 
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Supper: Hbnungr ivith eitlMr chewa, hua or bMOD, wad rarely eni. Btm 
ate a fair amount of hominy and a considerable amount of bread. StetM tb*t 
she is a little inclined to be a vegetarian because she does not like to have 
animals killed. Drank no milk, ate very few eggs, and bought a large amoimt 
of Mimed joock. 

Mr. 8, a fieii^t oandnAlor. A very .large and muscular man weighing 245 

pormda and apparently a very well-nourifihed man. Eruption of pellagra pro- 
nouDccd, but no other except that he lost fifteen pounds weight just 

prior to tiie appearance of tiie erythema. 

Breakfast: Gets a very early start and , usually eats no breakfast When 
he does it consists of coffee and a biscuit. 

Dinner: Almost always eats Iri^h potatoo:* fried with onions, and eat" more 
of these than anything else; cabbage often. Does not eat meat because be does 
not caxe for it. Says he does not eat a pound of meat in six months. Has ^gs 
periiaps onoe » mtk; beons oeoasioiially; bread; ioo onam ofteou 

Supper: Potatoes and onions again whenever he oan get them; ayaUn or 
fish occasionally, otherwise sandwiches or pie. 

Stated that he might drink a glass of milk a day, and never ate butter, but 
fhsk lie wu vsiy fond of beah raw eggs, and when be found some freah ones, 
be nii^t eat half a dosen at one meal. Said this did not bappen mors than 
once or at most twice a month. His dietary habit* were most erratic, as he had 
to pick lip what he could get on the road a good d'^al nf the time, but he almost 
always ordered potatoes and onions for which he imd an especial predilection. 

Vedder says that in practically every case there is some peculiarity 
of taste or a history of indigestion or some other circumstance, as a 
result of which the patient had lived on a very one-sided diet, in every 
case consisting chiefly of flour, or com products or potatoes, often 
with the addition of salt pork in some form or canned vegetables. 
Similarly Roberts" describes 25 cases from private practice, all of 
v,'hom were amply able to provide an ;i«l(?(jURt« diet for themselves, 
but ail of wkom Lor one reaaon or anoUier ate unbalanced or msuf- 
ficient food. 

Goldberger experimented with two orphanages at Jackson, Miss., 
which had been pellagra eentres for several yeais. Without altering 
the *hygienio and sanitary conditions the diet in the tiro institutions 
was modified to as to include a much larger proportion of iredi animal 
and leguminous protein. Among the 340 inmates from the two insti- 
tutions who were kepi under observation for a year only one developed 
a recurrent attack and no new cases were seen. Precisely similar re- 
sults were obtained at the Georgia State Sanitarium, where a modi- 
fication of the diet on the same lines as those followed in the or- 
phanages had equally good effect, no recurrence being observed among 
the 72 pellagrins under observation, whereas among the control cases 
kept on the accustomed diet, 47 per cent presented recurrences.** 

W Roberts, J. Am. Med. Ass. 75, 21, 1920. 

M Goldberger, Waring, and WiUets, Pub. Health Bepta. 30, Oct. 22, 1916. 
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A very interesting experiment was carried out at the farm of the 
Mississippi State Penitentiary, where eleven convicts were induced by 
the offer of a free pardon from the Governor to submit themselves to 
an experimental diet dmilar to that on which pellagra was known to 
develop. The renudiiing popiilstioii of the faim were kept under ob- 
flervation as controle. The vohmteeis kept about the aame houre and 
did about the same kind and the same amount of work as the other 
conviete. Sueh differenoee as exifltod were in favor of the yohmteera, 
espeoially during the latter portion of the experimental period. Hie 
general sanitary environment was the same for volunteers and con-> 
trolSi but the hygienic environment — personal cleanliness, deanUness 
of quarters, freedom from insects, particularly bedbugs — was de- 
cidedly in favor of the volunteers. The diet comprised patent wheat 
flour, com menl, corn grits, com starch, white polished rice, standard 
granulated sugar, cane syrap, i5wcct potntoes, pork fat (fried out of 
salt pork), cabbage, collards, turnip greens, and coffee. Bv the end 
of five months on this diet six out of eleven volunteers had developed 
symptoms justifying a diagnosis of pellagra, including the typical 
eraption, nervous and gastro-intestinal symptoms." This seems to 
be well attested, although McNeai ^" has denied that the observed 
symptoms were those of pellagra. 

, Tloee investigations have been reported in which symptoms closely 
resonblmg those of pellagra have been produosd in anhnals by pro- 
longed feeding on unsuitable ratbns. Chittenden and Underbill ** 
fed dogs on a diet ooniristing of varying cjuantities of boiled peas, 
cracker meal and cottonseed oil or lard. The animals were kept under 
the best sanitary conditions, protected from any possible infection, 
and allowed a sufficient amount of exercise, so that the only abnormal 
eonditaon was the diet. After periods varying from one to ^ght 
months a pathological condition strikingly similar to pellagra made 
its appearance. At times the anunals could be restored to normal 
condition by tlie addition of meat to the diet. The same symptoms 
could he induced on a diet of meat, cracker meal and lard, provided 
the meat intake was sufficiently small, but less than 50 per cent of 
the dogs were susceptible to these conditious. The investigators state 
thRt the level of nitrogen intake as such plays little or no rdle in the 
development of this disease. 

Clementi found tiiat after a prolonged exclusive diet of maiiie, 

»T Goldberger an.i Wheeler, Pub. Health B«f»ta. 30» NoT. 13, 1916. 
•« McNeal, J. Am. Med. Ass. W3, 975, 191R. 
*• Chittenden and Undcrhili, Am. J. Physiol. 44, 13. 1917. 
« Ctcantnli, Bsm. CSia. tempi so. aifiiii. 131, 1017. 
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chickens develop disturbances of digestion and of nervous system very 
different from those produced by polished rice and analogous io those 
of pellagra in man or those produced in birds by injections of alco- 
holic extracts of rotten maice. On discontinuing this diet the symp- 
toiBB aknrly disappear. 

Chick Mid Hume^ state that monkeys fed on a low-protein diet 
made up of butter, baoana or apple, sugar, orange juice^ cornflour 
biscuit) and " matmite " (a eommereial yeast preparation) lost weight 
slowly and gradually developed symptoms eharaeteristie of pellagra. 

The food defleiency theory receives further support from the bene- 
ficial results of a rich and varied diet in the treatment of the disease. 
Even those authimties who disagree with this theory as to the origin 
of the disease concur in advocntinp; an improved dietary as a means 
of eombating its development Siler ^* states that his advice is al- 
ways to build up the nutrition particularly by the use of milk and 
eggf>, nnd that in a large majority of cases, though not ail, the results 
are good. 

Goldberger " asserts that " For the cure of pell ij^ra the only medi- 
cine wc liavc is the diet." For both prevention and treatment, the diet 
should be well balanced, including a sufficient amount of milk or lean 
meat (fowl, fish, pork, beef, etc.) and an abundance of green vege- 
tables (cabbage, collards, turnip greens, spinach, string beans, snap 
beans) and fruitb (apples, peaches, prunes, apricots). At least 1.5 
pints of sweet milk or buttermilk should be taken daily. If but little 
milk be taken, Oi^ pound of lean meat should be eaten at least three 
or four times a week. Eggs or cheese may partly replace, or better 
still, be eaten in addition to the meat. Dried soy bean is highly 
recommended as a substitute for meat It may be eaten either boiled 
or baked. A portion of the flour or com meal used in biscuit or oom 
bread may be replaced by soy bean meal.^ 
Ridlon ** used the following diet in the treatment of pellagra: 
Patients received one quart of fresh milk a day, two eggs, poached 
or soft boiled, a day; wheat bread three times a day, butter, one^half 
ounce, three times a day; coffee once a day if desired; fresh, lean meat 

«i Odck and Heme, Bioeh. J. 14, ISS, im 

*• Siler, PrOfl. 2nd Pan. Am. Sci. Codr. Sect. 8, Pt. 2, p, 12. 

« Goldberger, Pub. Health Repts. 33, 481, 1918. 

«s« Symptoms resembling pellagra in the human being have been produced 
OD a diet lacking in antineuritic prindpleB aad coinni«ting of protein 40 g., carbo- 
hydntes 481 g^ fat 100 g, tab 20 g^ per day. The ealorifio value thanfoie 
would be about 3070 calories. (SaUivin tad Jeaes, Byg. Lab. BulL lee, 117, 
1830. See also Sullivan, lb. p. 127.) 

Kidlon, Pub. Health Eepta. 31, 1&79, 1916. 
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three times a day, eitiier beef, mutton, chicken, veal, or pork; oat- 
meal or wheat once a day; dried Itonns or peas either baked or boiled 
or made into a soup, once a day ; oue other vegetable, either fresh le- 
gumes, turnips, carrots, onions, potatoes, or cabbage, once a (l;ty; 
stewed iruit three times a week; and rice once a week. In addition 
the patients were allowed fruit juices or fresh fruit, as apples, oranges, 
or peaches, in season. 

This diet meludes a large proportiao of the aoimal and vegetable 
proteinB and theie ia also a Himmi^inw jn the proportion of augais and 
Btarchee. 

No Burup, com products^ or fat white meat (aalt fat pork), and no 
eanned vegetables vere allowed, not beoause these articles in them- 
selves are unwholesome, but because CKperience has shown that, alone 
or in combinations, th^ have commoaly fonned a consfncuously largo 
portion of the prepsllagrous diet. 

Two groups were compared, those receiving only the dietetic treat- 
ment outlined, and those rcceiinng medication as well. Ridlon states 
that the thirteen patients receiving no medication were comparable 
as to severity and in all other respects to the eighteen patients who 
received various drugs in addition to the dietetic treatment. The lat- 
ter group made more rapid or marked improvement than the former. 
The average duration of stay under treatment of the fifteen patients 
receiving medication who improved was 85.8 days, and the average 
gain in weight 11.7 pounds. The shortest period imder treatment was 
26 days, and the longest 189 days. The average duration of stay 
mute tieatment in the thirteen patients leo^ving only dietetic treat- 
ment was B^J6 days, and the average gain in weif^t was 18.3 pounds. 
Hie shortest period under treatment was 29 da3r8, and the longest 191 
days. Patients showing predominating symptoms of the akin and 
alimentary tract as a rule show a ready response to treatment, and 
improvement is noted within a week to ten days. On the other hand, 
those who have suffered from repeated attacks and have sustained a 
serious danger to the nervous system require a longer period for ih» 
repair of this damage. 

Ridlon concludes that in pellagra the dietetic treatment is of para- 
mount importance, the sucro'^sful diet being one in which the animal 
and leguminous protein component hn< brr a relatively increased and 
the non-leguminous vegetable component relatively decreased. 

Roberts " recommends feeding on at least 2,000 calories per day 
and as much more as can be given with safety, with special emphasis 
on l^m meats, ^gs, milk, butter, ami \'cg(>t:ibl(^s containing proteins. 

Roberts* J. Am. Med. Aas. 75, 21, im. 
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Experien(^ in other countries runs parallel with that of American 
physicians. Bravetta asserts that good food represents the best 
remedy to assuage, to cure and perhaps to cause the complete dis- 
appearance of pellagra.^' 

If we aUow that there is strong presumptive evidence for the view 
that pellagra U caused by defidency in the diet we are at once oon- 
iiODted with the ptoblem of detennining the nature of the deficiency. 

Funk^ claaaed pellagra along with scurvy as due to lack of vita- 
minB» and later obaerveis have for the moet part held this as at least 
a possible contributazy f actor.^ Voegtlln, Neil! and Hunter have 
conducted an interesting study on the effect of adding vitamin inrepa- 
rations to the ordinary diet of pellagrins in amounts based on the 
body weight of the patients and calculated from the doses necessaiy 
to cure severe polyneuritis in fowls. The vitamin preparations used 
were of two different types, those from animal sources (liver and ^y- 
mus gland) and those from vegetable sources (Funk's vitamin frac- 
tion from yeast and rice polishings) . The liver and thymus extracts 
were tested and found to possess antineuritic propfrtio?, though they 
were less effective in this respect than the yeast or rice preparations. 
The liver extract, at least, and possibly the thymiii* extract as well, 
must have contained vitamin A as well as B." Altliout^l] the results 
are not entirely conclusive the}' appear to indicate that the adimnis- 
tration to cases of pelhigra of these preparations made from yeast and 
rice polishings over a cuubiderable period of time and in large amounts 
(based on the curative dose for fowls) in general failed to modify the 
Gouxae of the disease. 

The administratiQn of the liver and thymus preparations to pella- 
grins was followed by an improvement in thdr condition apparently 
comparable to that produced by the consumption of a diet rich in 
fresh animal proteins. 

The inveslagators condude that the evidence presented clearly indi- 

M Bravetta, Biv. peilagrolog. lUU. 15. 43, 1915. Tropical dis. Bull. 7, 69, 
1010. 

«r 8m abp Rondooi, 8p«riiiiaiita]«, 0», 738. 1915. Trap. Die. BuU. 7, (B. 1916. 

*• Funk. Munch. Med. Wochenschr. 61, 698, 1914. 

<9 Goldberger, Wheeler, and Sydenstrickcr, Pub. Health Rept'^. %5, 648, 
1920; Chittenden and UnderhiU, Am. J. Physiol. 44, 13, 1917; VoegUin and 
Harrie, Hyg. Lab. BnU. ltd. 84, 1920; Vedder, Srd Bep. Thompson Pell. Com. 
338-372; Voegtlin, SoUivan and Myan, PuU. HealUi Bepts. 81» 986^ 1916; 

Wood, Sri. Am. Supp. 82, 43, 1916. 

M Voegtlin, Ncill und Hunter, Hyg. Lab P ill. 116, 1990. 
Oaborne and Mendel, J. Bioi. Ghem. 34, 17. 1918. 
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cates that the dietarj' defect responsible for pellagra is distinctly 
(qualitatively) different from and perhaps more complex tlian the one 
causing fowl polyneuritis and human beriberi, a conclusion in accord 
with that reached by Clementi from his observations on fowls. 

It iniglit be seen that the experiment of Chick and Hume referred 
to above (p. 254), in which the symptoms of pellagra were produced 
in monkeys, would eliminate the possibility of any connection between 
the known vxtamina and this diaeftse, dnoe thdr ration inehided butter- 
fat aa a souroe of A, yeaat aa a aource of B, and orange juice aa anti- 
aoorbiitic. The ration used was, however, like all pellagra-prodiieing 
dietoi ill balanced, being ebaracteriied by low protdn and exceasively 
higb carbohydrate and fat. According to Funk and Dubin,** aadh a 
diet requires the addition of extra vitamin (B) m order to maintain 
health. It follows, therefore, that vitamin deficiency ia probably in* 
variably a complicating factor in the disease. 

McCoUum has shown that the deficiency in Chittenden and 
Underhill's experimental diet was A, mineral salts, and poor quality 
of protein, since his experiments have demonstrated thnt all the im- 
portant seeds can be rendered dietetically complete by addition of 
these fartors," The same deficiencies are commonly observed in the 
diet of pellagrins. McCollum believes, however, that pellagra is 
caused by an infectious agent to which individuals may be rendered 
susceptible througli lowered vitality due to faulty diet. The experi- 
ments with rats are said to indicate that " health and vigor are pro* 
moted by a liberal intake of protein of good quality better than by 
any diet in which there is a tendency towards parsimony with respect 
to thia dietary factor." 

All recent work tends to emphasiie the qua&ty rather than the 
<iuantity of piot^ tised. Boyd, m the report already referred to on 
pellagra among the Turkish prisonera m Eygpt, states that: Examina- 
tion of the diet showed no connection between incidence of pellagra 
and either total calorific value or fat content or total protein content 
of the diets. It was only when the conception of the biological value 
of the protein was applied that any light was thrown upon the con- 
nection between diet and incidence of pellagra. The human body 
must have a certain amount of specific amino acid^, and the different 
proteins have different biolnfriml values according to their power to 
supply these essential building materials, and so maintain the body 

n ClMMntl, Bmi. din. tsnpi. Sd. Afini. 1«, 191, 1917. 

•» Punk and Dubin, Sci. 52, U7, 1920. 

McColltun and Simmonds, J. Biol. Chem. 32, 29, 181, 347, 1917; lb., 33, 
303, 1018. McCoUum, Simmonds, and Parsons, Ib^ 33, 411, Ib^ 38, 119, 1919. 
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in nitrnsjen equilibrium. If meat is regar-lcd r?? having a biological 
value oi 1.0, milk is found to have a value of 0.96, beans of 0.8, and 
corn (maize) of only 0.298. It is only when the biological value of 
the protein in a diet falls below 40 that pellagra begmb to appear. 
Failure to absorb may rai^e this value as does also the performance 
of heavy work. For treatment, increase in tlie diet of protein of higli 
biological Talue was found to cause the most rapid improvement, and 
admiiuBtration of hydrochloric add was helpful.**^ 
A similar coneluflioii was reached by Wilson.** 

Ol^rvationa have been made by Wilaoo,^" upon the etiology of pellagra, and 
go to prove that tiw duetM is to be attributed principally if not entixdy to a 
defective protela Mipi^y in iht diet. This eondtuion emerged nfter a careful 

analysis of a large series of diet known to have produced ii' Ilncra, topether with 
others, proved to be preventive or curative. Sperifil attention was paid to the 
protein provided, not only as regards the actual amount, but also as regards the 
"biologkel vahw.'* The figitree exprearing the latter we taken from the work 
of Thomas, who investigated the nutritive properties of protein derived from 
various foodsrtufT?. nnd fstimated their rf^lativo vriluo in maintaining nitrogenous 
equilibrium in the human subject. The^ values were found to vary within 
iride UmitB, the " biological value " of vegetable proteitt (tod especially of the 
protein derived from the eom grain) being less than that of milk or meat pro- 
teins. Equilibrium was not obtained with com diet, but Thomas calculated 
from the data obtained that the amount of " tissue repair " efifected by 30 grm. 
protein from meat or milk would require over 100 grm. of com protein. Other 
foodatuiiii, aucih aa ftih, rice, potatoes, oeoofned an intermediate position. The 
reason for this diflerenoe lies doubtless in the faet that animal proteiui ate more 
approximately constituted for animal nutrition as rcffanls thr amnKnt and va- 
riety of their constituent amino-acids. The inferiority of com proteins would 
be explained by the large proportion coutaiued of zein, a protein which is de- 
voui both of tiyptophane and lyifaie, two amino-aeidB nhioh are known to be 
essential for animal nutritimi. 

Unfortunately the results obtained from the different experiments with com 
were not concordant, and further confirmation is necessaiy before Thomas's 
figioe for the bidogMal value of oom protein can be accepted aa final. (See 
p. 964.) 

It was after analysis of the pcllagious and non-pell a^rous diets 

«*» During a pellagra outbreak in Eg\'pt, Bigland (Lancet 1920, 1, 947) at- 
tempted to obtain organisms from the blood and feces on various media, com- 
plement fixation with aloohoUo «ctraets of oiianfl obtained at autopqy, inoeu!la> 
tion of rabbits with pdlagrous sera and the diagnostic use of maise extracts, but 
failed of positive results. An examination of (he diets of th^e pellagrins 
showed that there was a deficiency in the "bioI<^cal value of protein," but 
there were a fisw cases in ^Aach no eaeh defidency eould be proved. To explahi 
these cases, it is aawimed that some tonin is formed which acts upon the intea- 
tin'-^ or Tt5; rnntrnta in such a way that protein is not propcrlv assimilated. 

«3 Wilson, q ot^ri in Rep. 38| Mod. Ecs. Com. London, p. 95, 1919. 
Unpubiiahed work. 
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from this point of view that Wilson arrived at the conclusion that 
danger of pellagra ocriirrefl if the " biological value " of the protein 
ration was below a cert am level. This level, as might be expected, 
varied within certain limits according to individual need and idiosyn- 
crasy, hard manual labor needing a more generous provision in this 
respect. This view is m accord with many of the known facts of the 
incidence of the disease. For example, upon this theory pellagra 
would be likely to develop with greatest frequency upon a diet con- 
sisting largely of com, owing to the low ** biological value " of the 
proteins of this oereal; at the same timfi the disease might ooeur among 
wheat and rice eaters, in eases of an exceptionally low total consump- 
tion, but it could rarely occur among populations taking meat or milk 
even in small quantities. The protein defidency which leads to pA' 
lagra, and is possibly concerned with a defective supply of some essen- 
tial amino-acid or acids may, in Wilson's opinion^ occur also upon 
an adequate diet if assimilation is defective as the result of gastro- 
intestinal disease. Tliis theory would accoimt for certain rare cases, 
occurring in England and elsewhere, of a disease with symptoms 
closely resembling those of pellagra. In these instances there has 
frequently been a history of chronic diarrhoea and gastfo-iutestinal 
disturbances of long standing." 

The observations of Chick and Hume on the effect of feeding spe- 
cific proteins and amino acidsi to their pellagric monkeys is in accord 
with this view. The administration of tryptophane to one monkey 
staved off death for many weeks, while a mixture of lysine, arginine 
and histidine had little effect. lu one case in which there were severe 
skin leeions the addition of five to 10 g. of casein produced a cure 
which is described as " dramatic." 

While there is a growing tendency to regard pellagra as the result 

of a deficiency of certain essential amino acids it must be admitted 

that cases have been reported which are difficult to explain from this 

point of view. Enright, reporting on the outbreak of pellagra among 

ihe Gennan prisoners in Egypt, states that: 

*'A careful analysis of the diets of these German prisoners before 

capture and during their period of captivity prior to the onset of the 

eruption, showed that they were aiople, both in quantity and quality, 

for any possible requirements, and were of such varied composition 

that it is diflScult to see how they could be improved."" He con- 

See &bo McCoUum and Shnmonds, J. Bid. Owm. 32, 350; 33, 303, 1917; 
Hoof, Roj. 8oc. Mad. Sec. Ther. Phann. New. 1919, Lane. 1919, ii, 999. 
•« Enrii^t, Lanoet» 1990, i, 9M. See also ViswaUasan, J. IVop. Ifed. as, 

4c, laao. 



260 



VITAL FACrOBS OF FOODS 



eludes, therefore, that food deficipnov mnnot l)o regarded as the prin- 
cipal factor. Goldberger arguec that the evidence offered by En- 
wright and also by Viswalingam is insuilicient, inasmuch as the ration 
given may not haw l>een consumed in adequate quantity, owing to 
racial differences m taste. Even more impressive are the cases re- 
ported Siler, Garrison, and McNeal/* of pellagra appearing in 
tubereular patients who wen on the rich diet of milk and eggs pre- 
scribed for that disease. On the other hand, as Hess has pointed 
oiit^** wbiie adeqiiate protein, milk, eheeee, eggs, and meat, were all 
kMsking to a pronounced degree in the Coitral Enquires during the 
war, there was no marked prevalenoe of pellagra during these years. 

It is obyiouB that more extensive investigations must still be made 
before we can entirely reconcile the conflicting evidence recorded. 
Bory " regards pellagra as a disease which can develop only under 

the conditions brought about by a one-sided diet, usually exclusively 
ceroal, but believes that the infection is actually transmitted b^- some 
wmged insect. This theory is supported by two cases recently en- 
countered in France, one an Italian soldier who developed the disease 
in France aiter coming from a hot-bed of pellagra, and tlie other a 
sporadic case developing in a region in northern France where no other 
instance has been known before or since. A body of Italian troojis 
had been camped in the vicinity for several weeks, and Bory believes 
that the mosquitoes which infested the district bad become infected 
and carried the disease. The one man contracting it was predisposed, 
as he had lived for years on an exdusive diet of milk, rice, and other 
cereals on account of chronic digestive disturbance. 

m Qoldbergcr, LmQ. tW, 11, 41. 

<• Tliiid B«p. ThooiiMoa Pell. Com. p. 118. 

•0 HesB and linger, J. Am. Med. Am 7i, 217, IflflO. 

•I Boxy, Prog. Med. 35, 461. 1020. 
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MILK 

Tbb ooDfltitaeiite of miUc are f at, carbohydrate, protein, salta, and 
vitanumi, with 83 to 90 per of water. The carbohjrdrateB, pro- 
teins, salts, and the vitamins B and C are in aqueous soluftioai while 
the fat is held in suspension as minute droplets which form an emul- 
Bioii» in which the vitamin A is dissolved. 

The milk of different species of animals varies considerably in the 
relative proportions of the constituents present; even within the same 
species, milk of different animals shows rather wide fluctuations round 
a mean. The following table ^ shows the general difference in the 
corapo^ition of human milk and cow's milk, from which it appears 
that human milk differs from cow's milk chiefly in its much higher 
sugar content and lower protein: 

Fat Lautobe Protein 

Humaa 2A% MS% 

Cow 94% MM %J^% 

Goat's milk has a higher content of protein than cow's milk, slightly 
lower sugar, and somewhat higher fat. Sheep's miik haa a iiiglx coa- 
tent of both protein and fat.' 

Fat is the most variable constitiient in milk. Many factors in* 
fluenoe the fat content of cow's milk, the breed, the individual charac- 
teristics of the animal, the period of lactation, and the season being 
the most influential. Sherman ' gives the following figures as fairly 
representative of the breeds indicated: 



hmiy 6.19 p«r oent &I 

Ouenuey 5 16 " « « 

Durham 4.06 " " ** 

Ayrshire 3jM « • 

Hobtem 848 " * . * 



The fat content of human milk probably does not differ greatly 

1 Meigs and Manh, J. Biol. Chem. 16, 167, 1913 11 

> See Folin, Denis and Minot» J. BioL CSiem. 37, m, 1910, for soalyHt of 
milk of different speaes. 

* SlMsmum, Chemiitry of Food aad Nutrition, N. Y., 2nd Ed. p. 59. 
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f ram that of average dairy milk, altlunigh the variability noted makes 
it difficult to generalise eoneetly. The letults of a great many defcer- 
minationB gives an average of 3.9 per cent of fat in human miUc The 
oompositioD of the milk fat varies conaderably in different species/ 
owing to variations in the fatty adds present, but this appears to be 
of no importance in nutrition. 

The lactose content of milk shows much less varirttion within the 
specie'' thjin does the fat, but there is greater differenco m this respect 
bet^^( l n different species, than is the case with the fat. Mathews ' 
suggests that the high content of lactose in human milk may be cor- 
related with the very much greater brain development of human be- 
ings. Myelin, a compound which develops rapidly in the brain 
fibres during the first six weeks of life, contains as one of its constit- 
uents galactose, which is produced by the hydrolysis of lactose. It 
may be, therefore, that one function of the lactose in human milk is 
to furnish this necessary substance for the developoaent of the brain. 
If this is correct it is obvious that the deficiency of lactose in cow's 
milk cannot be satisfactorily remedied by the addition of cane sugar. 
In any case lactose is less susceptible to fermentation than is either 
l^ucose or cane sugar; consequently it is less liable to produce diges- 
tive disturbances than are these sugars** 

There is some uncertainty as to how many protons are present in 
milk. In addition to the well-characterized caseinogen, and lactal- 
bumin which make up by far the greatest proportion of the protein 
material, there is a third, lactoglobulin, which is more closely related 
to lactalbumin than to caseinogen ^ and also, according to Osborne 
and Wakeman," an unidentified alcoiiol-soluble protein present in ex- 
tremely small am ount^. Besides these tliere are traces of non-protein 
nitrogen-containing bubstances, such as urea, creatine, creatinine and 
unc acid,* and possibly small quantities of proteoses (protein deriva- 
tives of lower molecular weight) as well.** The total proteins other 
than casrinogen an sometimes grouped together as " whey proteins," 
since they remain in solution in the whey when the casein is coagulated 
by adds or rennin. 

« Arnold, Zeit. Unters. Nahr. u. Genussm. 23, 433, 1912. 

• MaUwws, Ptiyw d l o gical OumOgy, 1915, p. a07. 

* See also p. 267. 

' Lane-Claypon, Ol'^omfirpfirinp, pp. 31 3?, 38-41. 
> Otborne aad Wakeman, J. Bioi. Chem. 33, 17, 1918. 
f Dennis and MInet, J. Biol. Gbenu 37, a63» 1919. 

!• Fdl dstails of the method of Npmtkn of tho proteiiia of milk an gtven 
by Osborne sad Wskomsn, L o. 
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Caseinogen is distinguished from the other milk proteins by its rela- 
tively high percentage of phosphorus and by the fact that it is coagu- 
lated by rennin. It is precipitated by heating in faintly acid solution, 
but redissolves in excess of acid or alkali. The action of the rennin 
enzyme is supposed to be a partial hydrolysis or digestion of the 
caseinogen, by which it is transformed into a new protein, casein, of 
lower moleoular weight. The oaldum salt of caaeiii is iDBoluble and 
precipitates, foimiiig a ewd* 

There is an imfortunate oonfusioiL ta the nomenclature used by 
different authorities in oonneetioo with this phenomenon. While that 
given above is in accordance with Eni^ish usage, the Qennans give 
the name casein to the protein present in normal milk and distinguish 
the product of rennin action as paracasein. Many American writers 
follow the German usage, while others use the English nomenclature. 

The clear fluid from which the coagulated casein has separated is 
known as whey, and contains the remaining proteins and other nitrog- 
enous constituents as well as the milk suc;:^r and inorganic salts. 

CRceinogon probably exists in normal milk in the form of neutral 
calcium cascinogcnatc, Cas Ca<." The relation between this and the 
coaguluin obtained by acidifying is not quite clear. It is completely 
precipitated from its neutral solution by saturating the solution with 
sodium chloride or magnesium sulphate or by half saturation with 
aiiimoniuin sulphate, or by the action of certain metallic salts such as 
alum, zinc sulphate, or copper sulphate. 

Human milk contains a smaller percentage of caseinogen than cow's 
milk, althou^ different investigators differ somewhat as to the rela- 
tive proportions.^* The caseinogen of human milk differs from that 
of cow's milk in bong more difficult to precipitate by acid or to coag- 
ulate by rennin. Moreover, the curd formed from human milk is 
looser and more flocculent, and consequently more easily digested than 
the curd of cow's milk.^* 

Lactalbumin contains a higher proportion of sulphur and a smaller 
proportion of phosphorus than casdnogen. It is soluble in weak acid, 
but precipitated by addition of large quantities of mineral acids or 
metallic salts. At ordinar>^ temperature it is soluble in half-saturated 
ammonium sulpbntc solution. It is not prrripitated from neutral 
poliitinn bv saturation with sodium cliloride or magnesium sulphate 
at ordinary' temperatures, but separates on addition of acetic acid to 
this solution. 

11 Van Slyke and BoBworth, J. BioL Chen. 90^ VU, 

u See Lane-Claypon, 1. c. p. 34. 

1* Hawk, Pract PhynoL Chem. 6th. £d. p. 344. 
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Lactoglobulin has been less studied than caseiDogca or lactalbumin. 
Oibonw and Wakeman^* suggest that it may be a ledthaHmnun 
aunilar to the vHdlm of hen's eggs, or a mixtuie of proteins, one of 
which bdongii to this group. It differs considerably from moat other 
tfobulins in its solubilities^ but iqipears to be biologioally identieal 
with the seroglobulin of the lactating animal.*' 

The rapid growth of the yotmg on a milk diet mdicates that the 
proteins of milk are of eicellent nntritiye quality, and this is bonw 
out by the experience of many investigators. 

Thomas ^* calculated what he termed the " biologic values " of dif- 
ferent proteins by finding the minimum amount of each necessary to 
prevent loss of tissue protein from the body on a diet of starch and 
sugar. Assigning the value 100 to milk proteins, the proteins of other 
common foods can be arranged in the foUowing order on the same 
scale: 



Milk 100 

Ox Meat 104 

Fifh 9& 

mat 88 

PotetOM 78 



Yeaat 71 

Casein , 70 

Pea6 66 

Wheat ionr 40 

Com mttl 80 



Thomas' results have been widely quoted, but are apparently not 
entirely reliable.^* Mon valuable evidence is offered by later eaqieri- 

mentors. 

McCoUum'* pivcs the following table showing the lowest plane of 
protein intfike deri\(' 1 from a single seed which just suffices to main- 
tain an uiiinal in body weight, when the factors othef than protein 
are properly constituted: 



Source of ProteiB Plane of Protein Necessary for Maintenance 

Milk 3.0 per oent <^ food notiiie 

Oat (roUed) 4^ ** « « « « 

MiUet seed 45 " « « « * 

Mftiae 6.0 " «' « « u 

Whpnt 6jO ** ** " " " 

Polished nee 6.0 " * *» " 

Flax seed 8X) * « * « " 

Navy bean 12jD" « « *• " 

Pm 12JD " « « «• " 



^* Ofhome aad WaheoMii, 1. BioL Cbem. 88^ 19, 1818. 

^* See LAne-CIaypon, Oleomargarine, p. 37. 

Thcnnaa, Archiv. fur. Physiol. 1909, 219. 
IT Hindhede. Skand. Arch. Physiol. 31, 259, 1914; SiWfauu^ J. BioL Oiem. 
41, 97. 1920. 

» McCoUm "Newer EwnMge of Niltrftioa," N. Y. 1010, p. 7<. 
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Tbeae maintenance eocperimentB were of three to eix montba' dura- 
tion. 

The value of milk or the eqrarate milk proteins as a supplement 
to cereal grains in animal husbandly has be^ repeatedly emphasised. 
In defcennining the relative values for milk production of different 
supplements, Hart and Humphrey ^* found that milk proteins had a 
percentage efficiency of about 60; oil meal, 61, distillers' grains, 60, 
gluten feed, 45, com, 40, and wheat, d6. liater, Hart and Steen- 
bock,*® on the basis of their experience with swine, stated that either 
the cereal proteins, a protein mixture from cereals and alfalfa, or a 
mixture of proteins derived from cereals, cabbage, and potato, could 
be eflfectively supplemented by additions of either milk or whey or 
meat or fish proteins, milk or whey proteins being the most satis- 
factory for the purpose. A mixture of proteins from corn, alfalfa, 
and whey, in which only 16 per cent of the protein nitrogen carae from 
the whey, wtis nearly oc|ual in value to a similar mixture in which 27 
per cent ol the oitrogen came from skim milk instead of from whey. 
The proteins from tankage (animal residues from meat packing) were 
not quite so effective in their supfdemeotary relatais as those from 
either milk or whey, although the inferiority was disbt. A protein 
mixture drawn from five common sources, rice, wheats oom, potatoes, 
and cabbage, with the addition of sufiicient wheat ^uten to supply 
d6 per cent of the total nitrogen, showed a production value of 19.4 
per cent; that is, from 100 pounds of proton, 10.4 were retained for 
growth. When the nitrogen from the wheat gluten was displaced 
by nn equal amount of nitrogen from meat crisps the efficiency rose 
to 32.7 per cent, and when it was replaced by an equivalent in milk 
nitrogen it rose to 47 per cent. 

Recently, Hart and Steenbock" have nsscrtod that when milk is 
u?pd n supplement in corn feeding, a highly efficient protein mix- 
ture IS obtained only when the proportion of liquid milk to corn meal 
reaches 1:1. 

With regard to the practical application of these observations 
Sherman states:** " It is plainly desirable in all cases that grain 
products be supplemented by milk products, and it is clear that in 
providing for the needs of growing children and of pregnant or nurs- 
ing mothers, the proportion of milk in the diet should be more liberal 
than it need be when only maintenance is concerned; this both be- 

» Hart and Humphrey, J Biol. Chem. 21, 239, 1915; 36, 467, 1916. 
M Hart &Dd Steenbock* J. Biol. Chem. 38, 267, 1919. 
*t Hart sad StMoboCk^ J. Biol. Omul 42, 107, lOSO. 
tt Shcnnaa, J. BioL Chen. 41, 9f, IW, 
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Gauge of the miperior amino add makeup of the milk proteins and to 
provide anqdy for the mineral elements and vitamins as well." 

Osborne and Mendel ** endeavored to ascertain the nutritive value 
of the separate milk proteins as compared with certain vegetable pro- 
teins by careful experiments with rats, in which the experimental 
animals were all of the same ssz, and the same initial body wei^t» 
and the same total food intake was furnished daily in precisely ecjuiv- 
alrat and increasing amounts in successive periods of the experiment 
in accord with the anticipated needs of increasing body weight. The 
diets used were made up of purified protein, 8.0 to 20.45 per cent, 
" protein-free milk," 28 per cent, starch and sucrose, 23 to 36 per cent, 
butter-fat, 18 per cent, lard, 7 to 12 per rent. Compnrinf^ lactal- 
bumin, casein, and edcstin (h ve^ct;Lblo proteinV lactalbumin was 
found to be far superior, 50 per cent more casein and nearly 90 per 
cent more edestin being required to produce the same gain in body 
weight. Good growth was secured with as little as nine per cent of 
lactalbumin in the ration. The superiority of lactalburain for main- 
tenance as well as for growth was shown by tests witii adult animals. 
It was found that casein could, however, be supplemented by the addi- 
tion of a particular amino acid, cystme, in which it was known to be 
lacking, 80 as to render It equal to lactalbumm. 

On the other hand, in a later set of experiments in which the ra- 
tion used was purified protein, 18 per cent, artificial protein-lkee 
milk," *■ 29.6 per cent, starch, 16 J to 26 per cent, butter-fat, 18 per 
cent, lard, 7 to 16 per cent, and yeast, 1.5 to 2 per cent> while the rats 
grew normally when the protein was casdn they usually failed when 
certain vegetable proteins were given, and almost invariably when 
lactalbumin was fed. It would seem, therefore, that the natural 
" protein-free milk " used in the earlier experiments provided some- 
thing necessary to supplement the lactalbumin which was lacking in 
the later experiments. Osborne and Mendel say: " Whatever the 
nutritive value of the unknown constituents of milk may be, our ex- 
pprionre mjirtifcstly londs to the conclusion that the supplementary 
value of " protem-lree milk " in the diet is, as a general rule, decidedly 
greater than that of yeast." 

McCollum, Simmonds, and Parsons obtained somewhat similar 
results when using a basal ration of 45 per cent dried peas, 9 per cent 

» Otbocne and Mendd, X BioL Chem. 20, 861, 1915; 2l!i, 1, 1910; 87, 388, 
1919. 

» Osborne and Mendel, J. Biol. Chem. 31, 165, 191S. 

a» See p. 62. 

M llcColltBB» SiiBBMiids, and FSrsens, J. Biol. Cbtm. 37, 287, 1919. 
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puiifiad protein, 38^ per cent dflztrin, 6.0 per cent butter-fat, and lA 

per cent salts. Much better growth was secured with casein than 
with lactalbumin. They stated therefore: " We are lorced to the 
conclusion that lactalbumin is a poorly constituted or an incomplete 
protein and that the excellent results of Osborne and Mendel were 
due to the high proportion of nitrogen derived from the ' protein-free 
milk' which was present in their food mixtureg and served to suppie- 
mcDt the lactalbiunin with respect to some as yet undetermined cleav- 
age product which is essential for growth." Emmett and Luros** 
found indications of a peculiar relation between lactose and lactal- 
buinni, since a diet made up of lactalbumin (10 per cent), butter-fat, 
lard, Btarch, gait mixture, and purified lactose promoted excellent 
growth, whereas on a diet similar in all respects except that the lao- 
toee was replaced by additional starch and alcoholic extract of either 
wheat germ or yeast, growth ceased. They suggest that lactoBe, when 
added to a lactalbumin diet, may dther overoome some toridty of 
the lactalbumin molecule or carry a vitanun other than that found In 
wheat germ or yeast. 

Sure *• obtained evidence that lactalbumin is an incomfilete protein 
which must be supplemented by the addition of nitrogen compounds 
which are present in the " protein-free milk " before it is adequate 
for either growth or maintenance. When lactalbumin was fed as 12 
and 18 per cent of a ration of which the other components were dex- 
trin, butter-fat, agar-agar, salts and extract of wheat embno, no 
growth was obtained unless the lactalbumin was supplemented with 
one per cent of its weight of the ammo acid cystine. With this supple- 
ment 12 per cent of lactalbumin gave excellent growth, but if it was 
reduced to 9 per cent of the diet (the amount represented as adequate 
by Osborne and Mendel) nutritive failure ensued. If, however, the 
lactalbumin was still further supplemented by the addition of live 
per cent of its own weight of a second amino acid, tyrosine, the growth 
was excellent at this low level of laetaUnmiin intalctt. Sure belkves 
that the effickncy of a protein may largely depend on its constitution 
as well as oompontion in amino adds, and that chemical analysis of 
amino acid content may at times be inadequate to eq)Iain the nutri- 
tive failure or success obtained with certain proteins. Since lactal- 
bnmin is reported as havhig the average percentage of cystine present 
in other proteins, he suggests that cystine is so oriented in the complex 
polypeptide chain of lactalbumin that when it is hydrolyzed by the 
eDsjpmes in the digestive tract it is split into Btmpler peptides of such 

*i Emmett and Luros, J. Biol. Chem. 18, 147, 1919. 
M 8w«, J. BioL Caiem. 43, 467, lOao. 
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f omi thftt a great part of them escape further cleavagei and are there* 
fore de-aminised and converted into urea. In ^ew of the results of 
Osbonie and Mendel abo^e referred to, he is of the oinnion that 
protein-free milk supplies the necessary tyrosine (a hypothesis which 
is confirmed by qualitative tests on " protein-free milk ") and also 
dther carries cya^ne as part of its DiUt>gen of unknown source, or 
contains other forms of organically bound su!p!mr which the animal 
readily transforms into cystine. An analysis of protein-free milk 
showed a sulphur content of 0.2 per cent, of which the greater part 
was in organic combination. 

Logical as this hypothesis seems, however, it offers no explanation 
of the results of Emmett and Luros in whirh the efficiency of the Inc- 
talbumin was apparently d(^pende-nt upon tlie presence of lai to^^e. 

According to Osborne and Mendel,'" lactalbumin is much more 
efficacioub tlian casein as a supplement to corn gluten. When as iitiie 
as one-quarter of the protein in the ration is furnished by lactalbumin 
and the remains k^r by com gluten, a rat is able to make perfectly nor- 
mal growth, while a siimhtr ration in which as much as one-half of 
the protein was casein and the remainder corn gluten proved in- 
adequate. 

Inasmudi as mother^s milk serves as the sole food of young and 
nqndly growing animals it is generally assumed that it must contain 
all essential inorganic elements for the optimum growth of that species. 
Lane-Claypon quotes experimeats carried on by Hittcher which 
would appear to indicate that the nutritive value of cow's milk for 
calves can be increased by the addition of certain salts. Boiled milk 
with suitable salt additions was apparently more nutritious than raw 
milk. Commenting upon this, Lane-Claypon remarks: " If the addi- 
tion of salts to mother's milk can bring about such striking differences, 
then that difference in salt content, which is known to exist between 
the milks of different species of animnl« may reasonably be expected 
to play an important part in the nutritive value of the milk of a 
foreign speriec " 

With the exception oi iron,^- the various salts appfiir to be present 
in greater amount in cow's milk than in human milk, in particular 
the important elements, calcium and phosphorus, are both greatly in 
excess in cow's milk. 

*• Osborne anri Mendel. J. Biol. Ghem. 18, 1, 1914; 39, 09, 1917. 
w Lane-Claypon, 1. c, p. 166. 

Kalberfulterungdverauche, Landwirtsch. Jahrb. 

Soxblet, Munch. Med, Woeiieiisch. 7B, 11139; 1919. 
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All three vitamins^ A, B, and C, are pre sent in milk. A, as noted 
above, is associated with the butter-fat, aud presumably varies in 
amount with varying fat oontoit. 

There is a flurprittng divergffioe of opimoii among different authori- 
ties as to the proportion of B present. Hopkina ** found that 2 cc. 
of milk per day, or an amount furnishing the equivalent of from one 
io three or four per cent of the total solids in the ration induised satis- 
factoiy growth in rats on a diet of casein, fat, starch, sugar, and in- 
oiganie salts. Without the milk there was no growth on this diet 
Somewhat comparable results were obtained by McCoUum and 
Davis who report that as little as two per cent of skimmed milk 
powder in a ration of polished rice, casein, butter-fat, and salts pro- 
duced nearly normal growth. On the other hand, Osborne and Men- 
del found that a diet of casein, starch, butter-fat, lard, and salt 
mixture had to be supplemented with as much as 24 per cent of dried 
whole milk or 16 cc. per day of fresh milk in order to induce rapid 
growth in rats. That vitamin B is the decisive factor is indicated 
by the success attained when the milk is replaced by small doses of 
brewers' yeast: 0.2 gm. of dn* 1 yeast proved more effective in pro- 
moting growth than 15 cc. of milk. 

The work of Hopkins and McCollimi and Davis, together with the 
early observations of Osborne and If endel on the growth-promoting 
power of " protein-free milk," gave rise to a wide-spread belief that 
milk was peculiarly valuable as a source of B. The later work of 
Osborne and Mendel just referred to indicates, however, that this is 
at any rate not invariably true, and that it is wise to assure safety 
dther by the very liberal use of milk or by the addition to the diet 
of some other source of B. 

When tested for its antineuritic power milk shows little efficiency 
which would appear to confirm the results of Osborne and Mendel, 
unless we assume the growtfi-promoting and antineuritic power to be 
due to two distinct factors. 

All evidence goes to show that milk is poor in (\ although by no 
means devoid of this vitr\rain. One liundrid to one hundred and fifty 
cc. per day were required to protect gumea pigs from scurvy, and a 

38 Hopkins, .1 Physiol. 44. 425. 1912; Hopkins and Neville, Bioch. J. 7, 
97, 1913. Being subjected to criticism by Osborne and Mendel, who claimed 
that more than 2 cc. of milk is necemary, Hopkins has confirmed his previous 
wcflfc. (Bioebem. J. 14, 721, 1021.) 

«* McCoUum and Davis, J. Biol. Chem. 23, ISl. 1915. 

«» Osborne and Mendel, J. Biol. Chem. 34, 537, 191«^; 4! f515, 1920. 

M Cooper, J. Hyg. 12. 436, 1912; 14, 12, 1914; Gibson and Conception, 
PhiL J. 8e. IIB, ItO, 1916; CUck and Htee^ J. Boy. llwL Corps, 29, 121, 1917. 
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little more thui this was usually required to afford protectum to moa- 
keys.*^ Ezpsrienoe in human notritioii has shown its great inferiority 
to fresh fruit and vegetable juices in this respect,** although it is effec- 
tive if 9ven in suflSekni amount.** 

* Mattill and Conklin«<* found that while cow's milk appeared to 

be entirely satisfaetory for the growth of young rats from weaning 
(when about 25 days old) to about the fiftieth day of life (equivalent 
to about five yoaiv of human life) a decided retardation of growth 
and sometimes a considerable loss of weight occurred later, usually 

between the fiftieth and one hundredth days. After this gro'^'th might 
be resumed again, but at a slower rate, and there was no reprodiu tion. 
Milk powder was somewhat more satisfactory than fluid milk, males 
growing at n practically normal rate on this, though females were 
somewliat below normal after about 76 days. This is in accord with 
the observations of Lrane-Claypon,** who found that rats made 
slightly better progress on dried milk than on Huid milk. Mattill 
and Conkiin found that reproduction failed on dried milk as on ^uid 
milk. The average daily intake of milk, computed in terms of milk 
aoUds^ was somewhat leos when thk was given as fluid than when fed 
as powder, which may doubtless account for the better progress on 
the latter food. Addition to the milk of ctftarn inorganic aalte was 
withoirt effect^ eoEoqii in one or two cases where additional iron proved 
beneficial for growth, but had no ^eet on reproduction. Addition 
of yeast or wheat embryo to supply additional B increased the rate of 
growth sliglitly, but the improvonent was only temporary. One 
female became pregnant on the yeast-milk diet, but the young were 
eaten. Addition of as much as 10 per cent of butter-fat to the ration 
of dried whole milk failed to induce continued normal growth, but a 
ration of 53 per cent dried milk, 5 per cent butter- fnt, and 40 per cent 
starch proved entirely satisfactory for growth. Reproduction took 
place, but tho young were eaten by the mothers. Osborne and Men- 
del "'^ h^vQ, however, reported successful growth, continued in the 
second generation, on a somewhat similar diet of 60 per cent milk 
powder, 12 per cent starch, and 28 per cent lard. It would seem there- 
fore that milk lacks something which is essential for growth during 
part, at least, of the rat's life and for fertility. It is improbable that 

Barnes and Hume, Bioch. J. 13, 306, 1919. 
M Curran, Dub. J. Med. 8ci. 7, 83, 1847; Barlow, Lano. ISM, ii, 1076. 
M Conrie, Ed. Med. J. 24, 207, 1920. 
» Kattltt sad Coiddbi, 1. BioL Gbflsik. 41, 7, 19M. 
«^ L«n».CIsypon, J. Hyg. 9. 233, 1909. 
41 Oshone sad Msndel, J. BioL Ctma. 15, Sil, 1923. 
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Uiia factor is identical with the recognised vitamins, since it is appar- 
ently supplied by starch. When the starch is replaced by laetoM to 
the extent of 25 per oent, the remainliig 75 per eeat of the food being 
obteined firom dried milk, all growth stopped. 

MUk powdsr prspaied by epnym^ milk with heated air haa been 
tested by Dutcher and Ackefson.^ Eight guinea pigs, used as con* 
trols, were fed a diet of oats od libUum and 30 c.e. (daily) of f rssh raw 
milk. Ten guinea pigs wen fed oats and milk powder (prepared from 
the same herd milk) . The milk powder was diluted back to the same 
ocnnposition as the original raw milk and 30 c.c. were fed daily to 
each animal. The milk powder was prepared at intervals of 2 to 
6 days by spraying milk into a blast of hot air in a cell four feet 
square. Each quart of milk came in contact with approximately 
l,40(j cubic feet of hot air. The air in the cell was kept nt a tempera- 
ture of 115° C. while the t^mperiiture at iiie spray nozzle never ex- 
ceeded 100° C. The milk powder was allowed to remain on the floor 
of the cell during the drying process (2 to 3 houra). No attempt was 
made to approximute commercial conditions. The eutire group of 
guinea pigs receiving the milk powder died with pronoimced scurvy 
lesions in periods ranging from 16 days to 4^ days. At the end of 42 
days all of the control animalsi whieh had consumed their daily ration 
of raw milki were living and in much better physical oondition than 
the gnmp leesiving the dried milk.*^ 

^ Dntehtr and Adwrtoo, SdoMe, 54, 442. 1081. 

^ Four leriai of experiment were carried out by Jephcott and Bacharach 

(Biochem. J. 15, 120, to determine the antiscorbntip potency of dried 

milk- Tn the fir?t three, compariaun wii^ iiiude of suiumer milk, winter milk 
and winter mxik neutcaiixed with sodium bicarbonate bciorc drying. All tiiree 
dried by the roller pneam, in iihi«h the miOc is fat eoateet wiHi the Kmne 
of heat for not nuxe then three eeeoods. The fourth variety was full-cream milk 
dried by the spray pro^'ew*; this variety of milk is subject to prolonged heating. 
The ccMQaposition of the four vaneties of milk powder vaned but litUe; they 
eech eontftinfid in the neighboriiood of three-fourths per oeat of moisture, 5 J to 
M per eent of uA, 38 to 28 per oent of lat, SS to 37 per cent of laotoae, end 38 to 
37 per cent of protein. Guinea pigs were fed with the usual scorbutic diet of oats 
and bran, and the milk was added in the form of a thin cream by mixing the 
powder with three times its weight of hot water. The results may be sum* 
natued ae foUom: 
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Hie quefltion of how lar the proportions of the relative constitueoEts 
presobt in milk ean be varied by alteratkii in the diet of the laetating 
ammal has received much attention from investigators, especially in 
connection with the vitamin content. 

It is the general euQMrience of practical dairymen and of investi- 
gators in the field of animal nutrition that diminution in the amount 
of food below the physiolopcal requirements of the animal results in 
decrease in the amount of milk secreted, and that increase in food 
causes increased production of milk, although the increapf^ not pro- 
portionai to the amoimt of food given.** The effect of underfeeding 
is less marked in the early stages of lactation than later. Eckles 
and Palmer report a case in which a constant flow of milk was main- 
tained for 30 days by an animal receiving only sufficient food for body 
maintenance.^ When the lactatitiR j>cnod has reached a certain 
stage, however, even moderate underfeeding reacts adversely upon the 
milk supply. Lane-Claypon *" asserts that it is probable that many 
cases of failure of lactation in women have been caused by the absence 
of proper nourishment for the mother, and quotes the experience of 
institutions in which dinners are provided for nursinp; mothers. " It 
is the opinion of the officers who supervise the work at these centres 
that the provision of an adequate food supply for the mother almost 
invariably enables breast-feeding to be maintained, mothers who have 
previously been unable to feed their children being able to do so with- 
out difficulty when provided with sufficient food of a suitable nature. 
Moreover, in many instances, where the milk supply was apparently 
becoming short, it has been completely regamed and lactation con- 
tinued iq) to the ninth month. No special foods or substances are 
ather indicated or contoa-indicated. The health of the mother must 
be maintained. Where this is effected owing to the idiosyncrasy of 
the individual for any particular foodstuff, that foodstuff should be 
avoided — that is all." 

On the other hand, Ducaisne *^ has called attention to the fact that 
during the siege ol Paris healthy young women were able to produce 

Thflie leauttB are not hi soeord with thon obtaiBed fay sereml olher iiiTeati* 
gaton. 

Stepp notes that accessory food wibrtiinflw are pcesent in dried milk powdem 
(Med. Klin. 17, 2R7. 1921). 

See Lane-Ciaypon, Milk and its Hygienic Relations, London, 1916, p. 20; 
BcUes md Psimer, Ho, Agr. Exp. 8ta. Em. Bulb. 94 and 25. 

^* See alM Hart, quoted by McCoHum, Sinmoads and PitSt J. Biol. CSianL 
27, 33, 1916. 

*» Lane-Claypon, 1. c, p. 157. 

46 Ducaisne, Gax. Med. Paria, 1871, 317. 
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enough milk for the miiintcnance, and in some cases for growtli, of 
their infants while partially lasting themselves. 

While the character of the food of the animal doubtless influences 
the richnen of the milk to tome extent in the long run, it seems to 
affect the quality of the milk produced less than its quantity. Accord- 
ing to WoU,*' although high feeding may produce an inerease both 
in the amount of milk and in the butter-fat this rise is in no way pro- 
portional to the increased amount of food. 

BcUes and Palmer ** state that the effects of an induced subnormal 
plane of nutrition on the percentage of fat in the milk are variable, 
an increased fat percentage resulting in some cases, with no change 
in others, and in »till others an actual decrease in the percentage of 
fat. The factors that appear to cause these variations are the state 
of flesh of the animal, the degree of underfeeding, and the season of 
the year in which tiie experiment is condiirted. 

In the case of physiological underfeeding there is almost invariably 
an actual increase in the yield of milk fat, as well as in the percpntage 
in the milk. The character of the milk fat is altered, as :shown by 
the change in the physical and chemical constants. Ecklcs and 
Palmer suggest that the production of the normal amount of milk fat 
is controlled by the activity of the lipases and other enzymes which 
accelerate this synthetic reaction in the manmiary gland, being 
greatly influenced by changes in the general metabolic activity of the 
body, particularly hy the changes that affect the fat metabolism, and 
that the composition of the fat produced is controlled by variations 
in the amount and kind of material presented to the milk glands by 
the blood stream. Koning»^ on the other hand, found that poor food 
caused a fall in the fat content of the milk. Behr states that owing 
to the deficiency of food, the average fat content of milk in Ger- 
many fell to 2.08 pet cent in 1918, being a ^adual decline since 
1914. The quantity of milk fell also from 2900 1. to about 1700 1. 
per year. 

Engcl and Plaut " found that the milk of a nursing mother is re- 
duced if the diet is deficient in fat, but was unable to increase the fat 
in the milk by increasing the fat in the food. 

According to Eckles and Palmer (1. c.) a subnormal plane of nu- 

«v WoU, Agric. Exp. Sta. Wiaeooiiik, B«iU. 116. 

«" Eckles and Palmer, Agric. Exp. Sta. Un. Mo. BulL 2S^ 1919. 
«e Konlng, Milchw. Zentr. 6, 675, 1910. 

Bchr, Z Nahr Genussem. 35, 471, 1918 ; 37. 165, 1919. 
*i Engcl and Piaut, Mun. Med. Wochensch. 55, ilo6, 1906, quoted by Lane- 
dearpoo. Milk and its Hyiienie B e l a ti oM^ Loodmi, 1916. 
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tritioT! at times affects the perccntii^e of protein in the milk. In some 
of the experiments conducted there was a dechne m the percentage of 
casein, while in others the total protein only was affected. In the 
latter cases the percentage of ash in the milk was decreased. None 
of the types of imderfeedmg influenced the percentage of lactose in 
the milk. 

Many attempts have been made to increase the mineral content of 
milk by additions of salts to the food, particularly in the case of iron ** 
and ealduiii,** but there is no deeidve evideiioe of appredable euo- 
cees.**^ Sotoi found Uiat both the aah and the fat eontent of soaCe' 
milk was higher yrbm the anunaU were graiing m the fieldt than when 
they were restricted to dried feed. Fingerling found that when 
goata were fed on a diet deficient in oaldmn and phoephorus a decrease 
both in the total amount of ndlk and in the proportion of these con- 
stituents occurred, but only after a certain period had elapsed, during 
which the system became gradually depleted. On addition of the 
miasing elements to the diet the secretion became nonnal. HtMB, 
Unger, and Sttpplee have noted that the percentages of calcium 
and phosphorus were below normal in milk produced on a ration of 
bean men], oil meril, bran, beet pulp, mola««c'5, find straw, which con- 
tained an ainjtie sup{)ly of minerals, but was entirely deficient in vita- 
min C. Koning/^ and Allemann found that even large increases 
of sodium chloride in the food caused no rise in the salt content of 
the milk. 

Babcock" fed cows on a ration suitable in every respect except 
that the sodium chloride supply was limited to that naturally present 

•* Laae-Claivoa, 1. e, p. 53. 

" Zuckmayer, Pflug. Arch. f. d. pes. Physiol. 159. 209, 1914; Dibbelt, Arb. 
a. d. Geb. 4. path. Anal. u. BakX. Tub. 1908; Schabod, Jahib. f. Kindevh. 74, 
511, 1811. 

Ramsey (Brit. Dental J. 49> 49, 1021 ; Phyiiol. Afastncte 6. W) ades 
thst the incidence of caries ia complex, and diet a mott importeiit iMtor. Ha 
OOnsidere milk to be thp idpril food for supplying the nerrpsan.- ralcium and 
should be relied on during the growili-period; bread should be made so as to 
coutam more cellulose and more vitamin; among fats, olein 10 preferable to 
the mofe solid fats; calehim intafce ahould be vecnlated in adults, and qrmptoma 
of th}rroid abBomiality should be recognized and treated. 
8* Kohn, Dcutsch Tier. Woohen^cht. 21, 49, 1913. 
Ftngerling, Landwirtsch. Versuchsstat. 75, 1, 1911. 
HeM, Unger, and Sni>plee, J. Biol. Ckem. 45, 299, 1920. 
•r KvOag, Miklkw. Znlr. 6| m, 1910. 

•« Allenaaim, Sflbmiser Mndnrait. 1011, Nos. 07, 71, 72, 74, quoted hy Lane. 

Claypon, !. r, p. 21. 

w Babcock, Wis. Exp. Sta. Ann. Rep. 22, 1006. 
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in the food, until some of the animals died, and otliers were only «aved 
from death by the administration of salt. In no instance was there 
notable decrease in the yield of milk until just before general decline 
set in, but the ash content of the milk under these circumstances was 
not reported. 

McCoUum and Simmonds made an elaborate study of the rela- 
tion between the diet of laetatnig rats and the value of the milk pro- 
dueed. The rata were fed cm an adequate diet until the birth of the 
young, when they were immediately placed upon a ration known to 
be entirely inadequate for growth owing to d^denoy in one or more 
factore. The litten were in all oaeee reduced to four, eo that the 
burden impoeed upon the mothere wae uniform in this respect. Their 
remits show that the mothers were capable of providing milk which 
was bettor adapted for growth than the diet which they themselves 
received; but sooner or later failure ensued. On a diet of rolled oats, 
deficient in three factors, protein, mineral content, and vitamin A, the 
yo'ing grew very pIowIv for the first 20 days, then became stunted 
and died between the fortieth and fiftieth day. When A was added 
to this diet the youne; p-ew faster and growth ( outinucd over a hmger 
interval, up to 60 days. Although they began to eat the oat and 
butter- fat diet of the mother about the twentieth day it is evident 
that this must have been supplemented by the incrguuic content of 
the milk, since without such supplement rolled oats fails entirely to 
support growth. Addition of protein was of less benefit than addition 
of salts. When the mother was fed on a ration of rolled oats supple- 
mented with protein only, the best growth observed was half-noimaL 
When A was applied in addition the yoimg did slightly better, but 
addition of mineral salts was more beneficial than addition of A. Only 
when all three defidendes. A, salts, and protein, were corrected was 
it possible to secure entirely normal growth, but in every case after 
the yotti^ were old enough to share in the mothers' diet th^ grew for 
a time, although slowly, which would have been impossible on this 
diet alone, showing thai the mother was producing milk capable of 
supplementing to some extent the diet on which that milk was pro* 
duced. According to McCoIlum and Sinmionds, the ultimate failure 
which invariably ensued indionted thnt the milk produced on these 
deficient diets was not of normal quaiit}'. 

With respect to the vitamins, it is the general opinion tliat these 
pass into the milk only as supplied from the food of the mother, and 

McCoUum and Simmonds, Am. J. Fhymol. 46, 378^ 1918; McCoUwn, 
Newer KnmfladfB of Nvtritifln," 1019^ sp- U7--186. 
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that the tnammafy i^and has no power of lomthceUing theee eewn- 
tiais« 

Since A ii preeent to eome extent m the body fate of ammala it is 
probable that email amounts of this will be secreUd in the milk, for 
a time at least, even if it is not supplied in the food, but the esqierienee 

of McCoUum and Simmonds above referred to, indicates that mder 
these circumstancee it is not siifficiently abundant for the optimum 
growth of the youDK, Hopkins found that the vitamin A of goat's 
milk remained approximately constant when the animal was given a 
diet deficient in that factor, although the quantity of milk fell off, 
but the k'nc:th nf th^ experimental period is not stated. 

If we accept the hypothesis that rickets is connected with deficiency 
of A, then the observation of Hess as to the prevalence of rickets 
among tiie breast-fed children of tlie negro women whose diet is limit«i 
almost exclusively to substances poor in A, must be regarded as sig- 
nificant. 

Dutcher, Kennedy and Ecklcs have found that spring milk, 
produced when the cows are pasturing on fresh gra^s, is superior to 
winter from cows on dry feed with regard to both A and B. Hie 
teeto were made by comparing the growth of rats on a ration of casein, 
deftrin, agar agar, butter-fat, extract of wheat embryo, and an ade- 
quate salt mixture, with that of other groupe in whoee diets either the 
butter-fat or the wheat embryo had been replaced by varying quan- 
tities of winter milk or spring milk. When the spring milk was at 
its best 10 cc. per day furnished sufficient of both A and B for nor- 
mal growth, but butter-fat from winter milk had to be fed to the ex- 
tent of 20 per cent of the ration in order to secure growth, and even 
this amount was not always adequate.^^ 

Osborne and Mcndcl were unable to observe any difference be- 
tween summer and winter milk m the rclati\ f amounts of B present, 
which was perhaps to be expected from the relative stability of this 
vitamin and its wide distribution in the grains which make up a part 
of the ordinary winter feed of dairy cows. Dutcher, Eckles, Dahlc, 
Mead, and Schaefer*^ state, huwever, that in their experience the 
contrnt of B in the milk of cows is influenced by the character of the 

•1 Rfc McCollum, Simmonds and Pitz, J. Biol. Chem. 27, 33« 1916. 
•» Quoted by Harden, J. 6ov. Chcm. Ind. 40, 7&R, 1921. 
M Hess, J. Am. Med. Aano. 70, MO, IMS. 

M Dntcher, Kennedy, and Ecklet, Proc. Am. rii sn Soc. Sci. 0« 588^ WO. 

•» See ftlso Hess and Ungcr, J. Am. Med, Ass. 74, 2171, 1920. 
•« Osborne and Mendel, J. Biol. Chem. 41, 515, 1920. 



Dutcher, BcUet, Dahle, Mead, and Sdiacfer, J. Bid. Ch«m. 46, 121, 

1900. 
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ration, although less markedly ih&a is true of the vitamins A and C, 
and Andrawi has shown numng mothers on a diet defident 
in antineuritio B produce znilk on which their nurslings develop beri- 



Several investigators have reported a seasonal variation in the anti- 
scorbutic properties of cow's milk,** and this point may be regarded 
as established. Hart* Steenbock and Bllis found that while 50 cc. 

per day (and in some cases less) of summer pasture milk afforded 
protection to guinea pigs against scurvy, at least 75 cc. of winter feed 
milk were required to provide the same degree of protection. They 
remark the fact that the milk produced from such dry foods as are 
used does contain a measure of antiscorbutic vitamins shows that the 
dry feeds themselves are not completely devoid of this factor. ** Their 
content in this vitamin is too low for protection of a guinea pig against 
scurvy, but the mammary gland, through a process of special selection 
and concentration in the milk produced becomes an effective means of 
showmg the presence of C, especially in old dried feeds." Neither sil- 
age nor sugar mangels were notably effective in increasing tlie pro- 
portion of antiscorbutic in the milk. Barnes and Hume '° suggest 
that the use of turnips rather than mangels should result in the pro- 
duction of milk of higher antiscorbutae value. 

Dutdier and his collaboraters found that there is a decided ten- 
dency for the nutritive properties of the milk to remain relatively 
good for four to eight we^ after the cow has been placed on a 
vitamin-poor winter ration. On the other hand, the nutritive superi- 
ority of spring milk beeame evident almost inmiediately after the cows 
were placed upon green grass. 

The question of the effect of heat on the nutritive value of milk is 
of the greatest practical importance in an age when the use of pas- 
teuriiedy condenaed, evaporated, and dried milks is constantly in- 
creasing, and raw milk of good quality is increasingly difficult to 

secure. 

The pastciirizntion of milk is usually carried out cither l)y licatmg 
the milk rapidly to a point not far short of boilint^;, nuiiiitaiiied iliere 
for a few seconds and then cooled as rapidly as possible (the " flash " 

Andrews, Phil. J. Sci. 7B. 67, 1912. 

"« Barnes an ! Hume. Lane. 1919, ii, 323; Dutcher, Eckles, Dahlc, 
Mead, ui 1 Schacfcr, J. Biol. Chem. 45, 119, 1920; Hart, Steenbock and Ellis, 
Jb^ 42, 1920; Hess, Unger and Supplee, lb., 45, 229, 1920. 
Barnes tad Homcb Bioofa. J. IB, 906. 1919. 
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method of pasteurization), or by beating to 60^ to 63° C. (140° to 
145° F.) and holding at this temperature for 20 to 30 minutes or even 
longer (the " hold " method). The temperatures used may vary con- 
siderably Iruui those mentioned but the essential difference between 
the two methods lies in the fact that in tlie one the milk is heated 
rapidly to a high temperature and cooled immediately, while in the 
othflr b held at a lower tenqieratim for a mueh longer period. The 
" hold " method is umiaUy xeoommeiided as preferable on accounfe of 
the lower temperature involved^ hut the work of Daniels and Lough- 
lin referred to below (p. 282) indieates that this is a mistaken point 
of view. The *'hold'* prooess is the one most fsneraUy employed 
eommercially in the United States, while the ** flash " p ro o o as is more 
generally used in Great Britain. 

While pasteurisation serves to destroy the most harmful of the dis- 
ease bacteria as well as the lactic acid bacilli which cause souring^ 
certain bacterial forms arc capable of surviving this process, notably 
the bartcrin which bring about putrefactive decomposition of milk. 
Pasteurized milk may therefore deteriorate on keeping quite as seri- 
ously as raw milk ; in fact it may be more actively injurious although 
the change is rot made evident by the development of a sour taste. 

Sterilization of milk faults in the destruction of all the bactt ria 
present, and is carried out by ho;\tiLig to a temperature of 220 to 230° 
F, under presaure m an autocltive. The term is often, although m- 
correctly, applied to boiled milk. Boiling does not ensure complete 
stenllisa^n, unless prolonged for 30 minutes or more, but milk whieh 
has been bailed for a nmoh shorter time may be regarded as quite 
safe for any ordinary purpose, provided it is proteoted from eontam- 
inataon and used with^ a reasonable time after treatment 

The early experiments with animals of various spedes fed upon 
heated eow's milk are sununarized by Lane-Claypon, but offer little 
of interest, as in most cases the diet was entirely unsuitable apart 
from the possible deterioration on heating. 

Eqieriroents with calves fed on boiled and sterilised milk have 
given somewhat contradictory results. Certain American investiga- 
tors" have reported unfavorably on its use, while Dean" recom- 
mended it. Danish experience indirntcs thnt milk from tuberculous 
cows can be used successfully for feeding calves.'^ 

There is a firmly establisiied tradition in many households that 

n Doan and MMp MMThttd ifrio- Sip. Sta. BulL 17, 1901; PHea, N. Y. 

Med. J. 79, 405, 1904. 

ii Deaxi, Rep. Qui. Dept. Agrio. 18d8, i« 66. 
t« Bang, quoted hy Jmm Cliiypon, 1. a 
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heated and especially boiled milk is highly injurious to children and 
more or less dt leterioua for adults as well, the reason usually given 
being that " it tends to induce constipation." Several eminent chil- 
dren's specialists have strenuously opposed pasteurisation of milk for 
babies on the ground that the heating injures its nutritive properties. 
On the other hand, there is much clinical evidence that boiled miik is 
if anything superior to raw milk.'* In European countries where wet 
nvnei are rather extennvely need ft is qfdte comiiMni to have the vaSXk 
of thflfle nursee boiled in order to lessen the risk ci transmission of 
disease^ and there is no evidence that the value of the milk is im- 
paited in any way by this prooeduze. Reports from ehildren's hos- 
pitals go to show that there is ooniparatively little differenoe as far as 
nutritive power goes, between raw and boiled milk, and advantaie 
being on the side of the boiled milk if anything.*' There appears to 
be absolutely no basis for the belief thnt boiled milk is more ecmstipat- 
ing or less digestible than raw milk. While occasional eases are re- 
ported in which sick children have apparently done better on raw than 
on boiled milk these are counterbalanced by at least an equal number 
of rases in w liicli boiled milk has proved more eflBcient than raw. In 
a rrrcnt series of experiments with guinea pigs, boiled milk was found 
to be practically equivalent in nutritive value to unheated milk.^* 
Park and Holt made a comparative study for two successive simi- 
mers on groups of infants from New York tenements fed upon raw 
and piisteurized milk. The milk used was of good quality and modi- 
fied similarly for all the children. Seventy-five and six-tenths per 
cent of the children in the group fed on pasteurised milk ronained in 
Bood health during the entire sununer, while only 33^ per oent of 
thoee on raw milk were equally healthy. Thirteen out of the 61 ohil* 
dien in the latter group had to be transferred to pasteurised milk dur^ 
ing the experiment on aeeount of severe attaeks of diarrhoea. 

A fomi of pteriliaed milk coataming vitamms la prepared by Hort."* The 
milk is sterilized in an autoclave, so arranged that the steam from the outer 
vtmA plant thnmili Uw milk in flie iaur rmn\ b«lora cseaping. TIm «ito> 
fliftve if maintained at 20 pounds per square inch steam preesure (about 116* C.) 
and passage of steam fromi 3 to 6 minutes is sufficient to sterilize the milk. Taste, 
odor, vitamin-conteat, and emulsified conditioa of the fats are stated to be un- 
altand. Sterilifled sugar may be added, to main food any Ion bfouihi aboul 

"f* See Lane-Claypon, Oleomargarine, Ch. 9-11. 

Finkelatein, Therap. Mooati Oct. 1007; Laae-Claypon, Local Govt Bd. 

Anderaon, Dutcher, BcUea, and WUbar, 8flL n, 4M, im. 
" Park and Holt, Arch. Ped. 1903 
T'* Hort, British Patent 166,064, 1820. 
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bj hntiag. Giwm k preptnd fnm mutariliied milk tad then aterilisad; 
butter is madft from vtariliied milk, and eoodn—d milk k j^wiliiwd sftor eon* 

With regard to the separate constitueDtfl of milk, there is consider- 
able evidence to show that the digestibility of caseinogen is increased 
by heating. Brcnnemann wa» able to demonstrate tl]at ihe curd 
formed tiom raw milk in the human stomach is very tough and large, 
^le thai fanned foam heated nSSk is aoft and mu^ finer In 
character. 

McCoUum and Dttvis ^ found that while milk powder in quan- 
titiet as email as two per oent of the food mixtures oonsistiag other- 
wise of polished rice, purified casein, salts, and hutter^f at, gave enough 
B for growth, milk powder which had been heated four hours in a 
double boiler was noticeably less efficient than the unheated product, 
and after heating for one hour in the autoclave it lost its growth- 
promoting power almost entirely. Since wheat embryo can be heated 
to this temperature and for this length of time without lowering its 
efficiency, McCoHum concluded that the loss of efficiency of milk was 
due to the effect of heat on some factor other than B. He therefore 
rn;\dr n ^^nries of feeding exporiments in which n rntion dofn iont only 
in protein and B was supplemented by various preparations from milk 
which had been exposed to liigh temperatures; whey, evaporated to 
small volume at or near boiling temperature and then heated in an 
autoclave at 15 pounds for an hour was apparently not affected by 
the heating and still contained sufficient B to promote good growth, 
as did also " protein-free milk " which had been boiled for sbc liours, 
and lactose which was heated at 15 pounds for an hour. On the other 
band, moist casein which had been heated for an hour at 15 pounds 
wa» much less satisfactory for growth than an equal quantity of un^ 
heated casein. McGoUum and Davis suggest that this may be asso- 
ciated with the loss of sulphur by casdn on heating, as demonstrated 
by Rettger ** and Momer.*^ In view of this apparent instability of 
casein when exposed to heat McCoUum and Davis ** questioned the 
desirability of purifying casm for nutrition experiments by extrac* 
tion with hot alcohol, and devised an alternative method which did 
not involve heating. Funk and Macallum ** could find no difference 

Brennaaaiiii, J. Am. Med Am. 00, 690, 1913. 
V* McCollnm and Davis. J. Biol. Chem. 23, 8ft7, 1915. 

Rettger, Am. J. Physiol. 6, 450, 1901-2. 

81 Morncr, Zt.^rhr f Physiol. Chcm. 34 , 207, 1901-2. 

82 McCoUum and Davis, J. Biol. Chem. 23, 231. 

M Fuak aiKi XacaUon, X Bid. Gheai. 27, 51, 1917. 
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in the nutritive qualities of casein as prepared by the method of Mc- 
GoUum and Davis or by the usual method of extraction. They con- 
filmed the statement of McColIum and Davis as to the loss of 
effidency of casein on heating in the autoclave for an hour, but found 
that the fault could be corrected addition of 1 cc. of orange juice, 
from which they concluded that rats, in spite of their unsusceptibiiity 
to scurvy, reqmre a c^tain amount of the antiscorbutic vitamin in 
their food, and that the deterioration of the casein was due to the de- 
struction of this factor rather than to the alteration in the character 
of the protein itself. Their results are of questionable value, how- 
ever, since the rations used were deficient in A, 

Hogan,"* using rations of butter-fat, starch, agar, proteiu-free milk, 
and casein, obtained results at variance with thoco of McCollum and 
Davis. Even when the casein had been heated for two hours at 45 
poi:n(Js pressure its nutritive value was unimpaired. 

Emmett and Luros suggest that the discrepancy between the 
observations of Hogan and of McCollum and Davis may be due to a 
growth-promoting vitamin which is supplied in the protein-free milk 
and in the unheated casein but is destroyed by heat. These investi- 
gators tested lactalbumin which had been heated in an air oven at 90° 
to 100° C. for 16 hours, or in an autoclave at 15 pounds pressure for 
six hours, and found no alteration in its growth-promoting power. 

Lane-CIaypon states that: " It seems certain that when milk is 
boiled some of the albumin is precipitated, but where (he same vessel 
is used for storage and feeding purposes, there is no difficulty in main* 
taining the same amount of nitrogen in the food. There is no indica- 
tion that there is any difficulty in the digestion of the coagulated al- 
bumin; in fact it is probably more readily digested than in the raw 
state." 

It is a well-lmown fact that the calciimi content of milk is reduced 
on heating, owing to the precipitation of insoluble calcium salts. 
Daniels and Loughlin'^ in the course of an invp'?tigation into the 
nutritive defects of heated milk obtained some very interestmg results 
which seem to indicate that this precipitation of calcium may be the 
primary' cause in rendering heated milk insufficient for the nutrition 
of cpftain animals. It is improbable that this would have any effect 
in infant feeding, since cow's milk contains considerable excess of cal- 
cium as compared with human milk. 

•« Hogan, J. Biol. Chem. 27, 103, 1916 ; 30, 115, 1917. 
"■^ Emmett nnd Luros, J. Bioi. Onon. 38, 267, 1M9. 
8« Lane-Claypon, 1. c, p. 230. 

Daniels and Loughlin, J. Biol. Ghem. 44, 381. IMO. 
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The experimental animals used by Daniels and Loughlin were 
healthy young rats. It had previously been observed by Daniels and 
Stuessy " that rats fed on milk which had been boiled for even one 
minute grew subnormally and never reproduced, but that the addition 
of well-washed coagulated egg yolk or white or casein induced normal 
growth, and, in tiic case of the egg yolk at least, successful reproduc- 
tion. In these experiments the milk was placed in glnss containers 
holding one pint, surrounded with cold water, and brought to a boil. 
Since the length of time the milk was held at boiling point (1, 10 or 
45 minutes) appeared U) make no appreciable difference in the results, 
in the second set of experiments the milk was brought quickly to the 
boiling point in an open kettle and then maintained at boiling temper- 
ature for one minute. To the euipriee of the inveetigeton the nte 
fed on milk lo treated grew noimaUy and appealed perfectly 
Douxiahed. Befjetition of the earlier experimente oonfiimed the obeer- 
vatkms firrt made. It was evident therefore that milk which had 
been dowly heated to boiling point waa not equivalent for nutritive 
pfuipoeee to that which had been heated rapidly to the eame tempera- 
ture. Ezperimente were then undertaken with milk pasteurised by 
heating gradually (in the course of 30 to 45 minutes) to es*" and 82^ 
C. respectively, the milk being held at this temperature for 40 minutes 
and then cooled with running water. Condensed and evaporated milk 
were also tested. The condensed milk had been prepared by heating 
to approadmately 200** F. and then evaporated in vjicuum pans to the 
desired consistency, the temperature durinp;; this part of the operation 
averaging 150° F., but dropping to about 120° before its completion. 
In the preparation of the evaporated milk it was held at^the boiling 
temperature for 10 minutes, then evaporated at 130° to 140° F., 
cooled, canned, and sterilized at 240° F. for about 20 minutes. The 
pasteurized milk failed to induce more than one-half normal grouvi^h, 
and the animals on the evaporated milk grew \ cry slowly but in a 
miserable condition for a longer or shorter period and then died. It 
is noteworthy, however, that they showed no iigns of xerophthalmia. 
Additions of butter-fat or extract of wheat embryo were without effect 
in stimulating growth, and separate teste on purified rations deftdent 
in B but supplemented with fresh and evaporated milk indicated if 
anything a rather hi|^er content of B in en amount of evaporated 
milk supposed to be the exact equivalenti of the fresh milk used. Addi- 
tion of cfJdum laetate» however, produced much better growth, both 
with the evaporated and the slowly pasteurised milk. When calcium 
glycerephoflphate was used instead of calcium lactate the results were 
M Daaleli and Sncsiy* Am. J. Bis. Oiild. U, 46, mt. 
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even better, growth and lepioductioii both being highly Bueceseful. 
The beat growth of all was obtained when triealciuiii phosphate was 
made into a paste with starch and fed with evaporated mUk. 

These results are in line with those obtained by Hittcher ** in feed- 
ing calves on boiled milk, in which he fomid that boiled milk with the 
addition of tricalriiim phosphate wns murb more eflScient for growth 
than raw milk or milk supplemented with any other salt. Daniels 
and Loughlin suggest that on long li eating sufficient insoluble calcium 
salt precipitates to lower the nutritive value of the railk, a hypothesis 
which is confirmed by the fact that when especial care was taken to 
include the insoluble material by incorporating the whole in a paste, 
results comparable to those on raw milk were obtained. The better 
growth of the animals on condensed milk as compared with evaporated 
milk is explained fay the fact that the condensed milk which is of a 
thick viscous consistency was fed imdilitted and consequently the in- 
soluble material remained fairly well distributed through it The 
impfovement noted in the work of Daniel and Steue^y on addition of 
egg yolk and casein would naturally follow from the amount of cal- 
cium and phosphorus in these substances. It may be noted in this 
connection that Soldner *^ found a loss of from 13 to 15 mgs. of eal- 
riiim and 10 to 13 mgs. of phosphorus per 100 cc. of milk which was 
just brought to a boil. Solomin " found that at 130° to 140° C. 
about one-half of the ash of milk, including all of the calcium phos- 
phate, was precipitated. 



It seems clear from the foregoing that neither of the vitamins A 
and B are appreciably affected by the ordinary heating of millir. It 
should be noted, however, thnt Sekine found that although weaned 
white mice thrive well on condensed railk nlone for about 100 days, 
they finally suffer from polyneuritis and anemia. When iron and vita- 
min B were added, the mice became normal. 

The antiscorbutic vitamin is more susceptible to heat, and it might 
therefore be expected that heated milk would show a deficiency in this 
respect, an expectation which is fully borne out by the reports of va- 
rious observers. 

Hittcher, Landwirtach. Jahrb. 1000, quoted by Lane-Claypoo, p. 166. 
M Soldner. Undw. Venuche. 1888, p. 351» quoted by LuMXasypoi. I. e. p. 

« Sotoniii, Anh. f. 'By%. 28, 43, 1897. 

See also Barnes and Hume, Bioch. J. 18, 606^ 1910. 

Hildeisbnro SeUns, J. Tokyo Ghem. 0oc. 41, 489, 1910: Omib. Abe. 

1820, 2813. . ' 
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The oonflicting nporte from practitionen as to the prevalenoe of 
infantile scurvy among babies fed upon pasteurized milk may perhaps 
be reconcilable by the theory of Hess, that aging of milk is' an im- 
portant factor in the destruction of C.** Hess observed that home 
pasteurize milk was less likely to induce scurvy than that which had 
been pasteurized commercially, although the temperature employed 
WJis the same in both cases (145° F. for 30 minutes). A? the only 
difference in the treatment given the milk was to be found in the in- 
tir\al of time between pasteurization and consumption he tested the 
effect of aging by keeping home-pasteurized milk on ice for 48 hours 
before using. Of eight infants which were fed the milk so treated, 
two showed scorbutic symptoms which were relieved by giving them 
orange juice. Two out of another eight which were fed milk thctt 
was kept on ice forty-eight hours after t^e heat treatment, showed 
signs of scurvy. In other eases sourvy was observed in infants fed 
certified milk which had not been pasteurised, when the latter liad 
been kept on the ice f orty-eigbt hours before feeding. 

The general trand of evidence from animal experimentation goes to 
show that the antiscorbutic, which is relatively low in cow's milk at 
be8t> is decreased by heating, the amount of destruction increasing 
rather rapidly with increase in temperature. FrSlich** states that 
milk heated to 70° C. afforded protection to guinea pigs against 
scurvy, while milk heated to 98" C. for ten minutes failed to do so, 
but the amounts consumed are not noted. Chick, Hume, and Skel- 
ton"* found that tlio antiscorbutic power of milk is appreciably de- 
creased by heatmg to 120" C under pres*!urc, an observation which 
was conhrmed by Hart, Steenbock, and Smith.'^ In ordinary pas- 
teurization the miik never reaches so high a temperature as this. 
Barnes and Hume found that a ration of 200 cc. of milk which was 
brought just to a boiling t^nperature caused the rapid and complete 
recovery of a monkey which had developed scurvy on a daily ration 
of 200 cc. of dried milk. The amount of milk fed was so large that 
25 per cent of the antiscorbutic present might have been destroyed 
by the heating without detection, but these investigators believe tiiat 
the rajndity of the cure indicated that the ration contained conrid- 
erobly more than the minimnm necessary to effect a cure. 

Anderson, Dutchert Bcldes and WUbur found that pasteurised 

Hem, Am. J. Dts. GhikL 14, 837, 1917. 
B» FroIIch, Ztaoii. f. Hyg. u. Infekt. 72, 155, 1912. 
»8 Chick, Hume and Skelton, Bioch. J. 12, 131, 1918. 

Hart, Steenbock, and Smith, J. Biol. Chem. 38, 305, 1919. 

Bamet and Hume, Bioch. J. 13, 306, 1919. 

Aadwsoo, Dnlcfasr, BcUes sad WUbnr, 8eL 58, 448k 
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milk, heated at 145° F. for 30 minutes, produced scurvy very quickly 
and ail of the animals died in a very short time, while boiled milk 
was practically equal, in nutritive properties, to the unheated raw 
milk. Examination revealed the fact that the pasteurized milks had 
been stirred rather violently with motor-driven propellers, while the 
boiled mUk bad not been stirred mechanicaUy. This suggested that 
oixidatio& had occuired in the pasteurised ndlks, a theory which was 
eonfinned by subsequent eiqimiments. Some destmction occurs whm 
air is bubbled through milk at 145^ F for 30 mmutes, but the destruc- 
tion is much more mariced when oxygen or hydrogen peroxide is used. 
Oxygen and hydrogen peroxide will destroy the antiscorbutic acces- 
sory at room temperature although the destructive action is hastened 
as the temperature increases.^^ Milk may be pasteuriaed in closed 
VMsels or boiled in the open air without appearing to lose its nut^^ti^'e 
and antiscorbutic properties when fed to guinea pigs. When carbon 
dioxide is bubbled through the milk, it compares very favorably in 
nutritive properties with the raw milk. Since it is probable, however, 
that some slight destruction of C may take place even at quite low 
temperatures it would seem wise to take the precaution of supplement- 
ing heated milk with orange juice or some other source of and also, 
in view of Hess's observations, to shorten the interval between pas- 
teurisation and consumption as far as practicable. In thb connection 
Hess's remarks may be quoted: 

It is not to be inferred from theiie conduaionii that the use of pasteuhced 
milk is fraui^t with daager, but meiely Aat it ii m inoompIeCa (fiet for babiei 
■ad must be given with antiscorbutic food. Its use is highly dadnbte and to 
be recommended for pastPuri^Htion does not seem to affect the nutritional vahie 
of the milk and renders marked service in preventing the oocuirenoe of various 
iafeetiotti discMes. Thera sie Mooodaty faotcn in the eaiuation of scurvy. 1r 
the first idaoe there is la indhridual variation idiich must be taken into aeeount 
This wouH srom to depend upon hrroditnry characteriptir^, upon the amount 
of antiscorbutic material which the infant brings with it when it comes into the 
world. Secondary food factors would also seem to play a part; in our experience 
those infants whidi nodved malt preparatioiis seenrad to be most predisposed 
to tike development of scurvy, and it is quite pc^ible that there is a relationship 
to carbohydrate^ dirt, «:imilp.r to thf^t which Funk has drawn attention to in the 
case of beriberi. Whenever the connection of pasteurization and scurvy is 
brought forward, the statistics of various French writers idw daim to have fed 
some tiloossads of babies on sterilised milk without eaeouatering seurvyp are 
cited in refutation of the harmful effects of heat. Without analysing these re- 
sults, it may be said that these infants were cared for in an ambulatory service 
and that their diet was therefore not under close observation and probably they 
were not observed for a sufficiently long period to delect the rudhnentaiy form 
of aeurvy* 

^""^ See also Hess, J. Am. Med. Ass. 76, 683, 1921. 
^» Hess, 2nd Pan. Am. Soi. Cong. See. 9, Ft. 3, p. 40. 
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Wlutt has been said ol pastoniiaed milk will hM In genenl for 
evaporated and oondensed milks. The general methods of prepara- 
tion of these produeto have been described (p. 277). Condensed 
(sweetened) milk is subjected to about the ssme degree of heai as 
that used in the " hold " method of pssteuiisation, while evaporated 
milk is usually sterilized by heating under piessuie. Both products 
are free from bacterial cantamination but are probably deficient in C, 
and should therefore be Bupplemented by additional supplies of this 
vitamin,^*'* Hess**" states that sweetened condensed milk has been 
found to retain the larger part of its antiscorbutic factor, while on the 
other hand Giorgi has described an epidemic of sc ur\'y coincident 
with the introduction of condensed milk. This contradiction may 
perhaps be reconciled by the statement of Hume thnt tluTC if no 
destruction of vitamin in full-cream sweetened condensed milk pre- 
pared by concentration at a low temperature in vacuo, so that if the 
condensed milk is diluted to its original volume by addition of three 
volumes of water the vitamin content may be said to be adequate, but 
that if it is diluted eight times or more, according to instructions, its 
vitamin content may be inadequate, although, owing to its higher 
sugar eoukent^ it still gives an adequate supply of calories. 

Tlie nutritive value of dried milk haa been veiy fully reported on 
by Coutts and Winfield.**" There are various methods of preparing 
this product, in some of which the milk is evaporated at a compara- 
tively low tonperatuie, while in oiheis it is exposed to a high tempera- 
ture, but for a veiy short time. Usually the milk is either passed in 
a thin layer over the surface of a heated cylinder, evaporation being 
hastened by a current of hot air, or forced, after partial evaporation, 
in the form of a very fine spray, into hot dry air. As an example of 
the first process, that of Just-iiatmakcr is described by Coutts as 
follows: 

Two hollow metal cylinder? arrangrr! to revolve in opposite directions ars 
mounted so as almost to touch one another. At one time the pro( es,s was car- 
ried out with the cylinders performmg ^ or seven complete revoiutiona per 
utmite, Imt thtt ipeeil Iim been incnMsd in later models to 14 tunes a minnte, 
or even faster. The cylinders are heated internally by steam at a pressure off 
two to three atmospheres, so that their surface temperature ia considerably over 

m' c. 

The liquid milk runs from an elevated container into the hollow between the 
two rerolnng egdnuleni ihib reeult beins a oonetant npid elMiIlition leading no 
flee Hart, Steenbock and Smith, I. e. 
Hess, J. Am. Med. Aps. 76, m, 1981. 
*•* Oiorgi, Pediatria, 29, 66, 1921. 

Hant» Biocfaem. J. 15, 163, 1S21. 
M Coons sad mMd, Loatl Govt Bd. Food Bops. No. 9i LoBdon, im. 
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doubt to ft certain oonoentntion of the milk. The milk Umii apreftdi in ft thin 
film over the surface of the cylinders, and the mter is rapidly erftpomted, IftftT- 

ing a thin sheet of dried milk havinp tho appearance of tissue paper. When the 
(^lindm have completed about two-thirds of a revolution, knife-blades, adjusted 
•0 ift to tcNtoh the surface of the cylinders, scrape oS the film of dried milk and 
the thin pelliole UXk into ft noeptadt bdoir. This ii aftarwafds broken up and 
pftned through ft aieve^ thus giving ft uniform, finely granulftr poirder. 

The aeeond method is used In the prepaiataoii of TnimUk,*^ in 
fdiioh the milk is first partiaUy condensed in vaouo and then without 
being cooled is filtered and forced in a mist-like qvay into a hoi eham'* 
ber thnni^ which air is circulating. The milk falls to the floor in a 
fine powder. 

On account of their convenience in transportation and pieeervation, 
milk powders are ccming into extensive use by bakers and confec- 
tioners, for whose purposes they are said to be fully equal, if not su- 
perior, to whole milk. They arc also prepared for the use of travellers 
find crimpers in regions where fresh milk is not available, and as an 
inpredient of special foods for invalids and children. With regard to 
its bacterial content, dried milk compares very favorably with fresh 
milk, although it is not to be regarded as sterile. 

Dried milks may be either full cream, half cream, or skimmed milks. 
In what fuilowa unless otherwise specified lull cream milk is referred 
to. 

Hie concentration of the solids in dried milk is regarded roughly 
as eight times that in fluid miUc, and the proportion in which the con- 
stituents are present is estimated to be as follows: *^ 

Fat 25-28 per cent 

Procein sra ** 

Lftotoee M-40 ** ** 

Ash 6-7 " " 

Water 5-7 « " 



Coutts^** states that the albumin and globulin are at least partly 
coagulated. The caseinogen is not coagulated, but is probably altered 
in seme way, the general concensus of opinion being that it is more 
digestible as found in dried milk than as in fresh milk. Any altera- 
tion which occurs in the fat or the lactose appears to be insignificant. 
Hie soluble salts of calcium are transformed, to some extent at least, 
into insoluble salts, but these are still available for nutritive pur- 
poses.*** 

loe Merrell-Soale, Eng. Pftt. 1^88, im 

»0T Lane-Claypon, p. 206. 
io» Couttl, L C3^ p. 28. 

^ Daaiela end LougfaUiv J. Biol. Omol in, 100. 
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With regard to the vitamin content of dried milk, it might be ex- 
pected that this product would not be inferior to evaporated milk in 
that respect, and might be superior, owmg to the short period of ex- 
posure to heat. The experiments of Osborne and Mendel already re- 
ferred to (p. 270) in which a diet of 60 per cent milk powder, 12 per 
cent starch, and 28 per cent lard was used, indicate that there is at 
least a fair amount of both A and B present, but when Winfield 
attempted to keep rate on an exefauive diet of dried milk be found 
that while growth was nonnal for some weeks, often for as long as 
three monthsi it gradually became retarded and eventually oeaaed 
entirelyi although the animals apparently remained in perfect health 
for the fUU period of the experimenti 16 months or more. As already 
pointed out (p. 271), it seems improbable that this faihire in growth 
was due to lack of the recognized vitamins, since the fault was cor- 
rected by the addition of starch and lard, which are supposed to be 
free from vitamins. Moreover, although growth ceased there was no 
evidence of xerophthalmia, neuritis, or any of the other symptoms 
gencrMlly observed on a ^atamin-poor diet V^g of frosli milk instead 
of milk powder did not induce renewed growth in the animals which 
had ceased to grow, but when a bread and milk ration was given 
growth recommenced/** 

Winfield investigated 87 cases of infants on a dried milk diet and 
found that their growth cur^TS closely resembled the average curves 
for breast-fed clnltiieii, lecthing and walking began at normiii ages, 
and there was no apparent liability to rickets or scurvy. 

Naish, in^ a paper on ** The Use of Dried Milk " given at a Confer- 
ence on Infantile Mortality held in London in 1913 states that: 
" We have in dried milk a food which contains the same substances 
as cow's milk and in the same proportions (ezeept when humanised), 
which is adjustable to a wider range of infant which has obvious ad- 
vantages of storage and distribution, and which appears to have no 
danger of the later nutritional disorders." 

Sherman and his co-workers state that when dried milk took the 
place of fresh milk in their experiments with rats on a diet of bread 
and milk there was no evidence of any serious destruction of either 
ilor B, 

Several observers have stated that the antiscorbutic in milk is 

"0 WinBeld, Lnml Govt. Bd Food Rcpta. 21 p 116 

See also Mattill and Conklin And Lanc-Claypon, quoted oa p. 270. 
lit "Pediatrics" 26, 247, 1914. 

iu» Staermaa, Rowe^ Attcn and Woods, Pmo. 6w». BiptL Biol. Med. 17, 
0, 1919. 

»• Pilgrim, quoted by Chick and Rhodes, Uno. IMtB, 774; Hopldns» 
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Fio. 21. The diet of this rat consisted of wheat flour 20, degerminated com 
10, cooked, dried potato 30, peas 10, navy beans 10, beete 5, turnips 5, and 
cooked, dried beefsteak 10 per cent. 

This diet was derived from degerminated cereal products, legume seeds, tubers, 
edible roots, and meat (muscle tissue), but differed from that of Fig. 22 in not 
containing milk. It afforded wide variety, had an appropriate chemical com- 
position in so far as analysis could show, was palatable, and included only 
natural food pro<luot-s of recognized wholesomeness, and from both animal 
and vegetable sources. Notwith.standing these facti* the nutrition of the animals 
restricted to this food supply was very faulty. The photograph shows a rat 
at the age of 308 days, or at about the end of the first quarter of the normal 
span of life for a well-nourished animal of this species. It weighed but 137 
gm. as compared with the one picture*! in the following illustration whose 
weight was 2i5 gm. The pronounced stunting and ver>' rapid aging under this 
diet emphasize the importance of including the foodstuffs designated as " pro- 
tective foods." Milk is the mast effective of these. 




Fio. 22. The diet of this rat consisted of bolted wheat flour 20, degerminated 
corn-meal 10, potato 24, peaa 8, navy boans 8, turnips 5, beets 5, beefsteak 
10, and dry whole milk (Merrill-Soule) 10 per cent. 

This diet was derived from the same foodstuffs as that employed above, 
and in closely similar amounts, and differed from it only in containing 10 per 
cent, of its dry substance as drv whole milk. The addition of this amount 
of milk corrected the faults in the remainder of the diet in a manner that is 
mo.'Jt surprising. The animal was 308 days old and weighed 245 gm. when 
photographed. It was, therefore, but little beyond one-fourth through the 
normal span of life for the species. 

Figs. 21 and 22 supplied through the courtos>' of Messrs. McCollum, 
Simmonds, Par>ions and Journal of Biological Chemistry 38, 146, 1919. 
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reduced by the drying process. It is probable that there is consider- 
able variation in the different dried milks on the market in respect to 
this factor, depending not only upon the temperature and time of heat- 
ing, but also upon the length of time the product has been stored. 

Barnes and Hume experimented with both guinea pigs and mon- 
keys, and found that with botti species a larger proportion of dried 
milk than of fresh was required to give protection against scurvy; in 
fact with guinea pigs they found it impossible to seciire protection on 
an exclusive dried milk ration as the animals could not consume a 
Fuffiricnt amount of the food. The minimum protective ration of raw 
niiik for monkeys wms found to be 125 to 175 ec. daily, while it was 
necessary to give the eciuivalent of 250 to 300 cc. in dried nrilk freshly 
manufactured by the Just-Hatmaker process in order to jsccure the 
same degree of protection. 

Hess and Unger found that p:uineu pigs which had developed 
scurvy on a diet of hay, oats, and carrot water were c iired by the addi- 
tion of dried milk equivalent to 80 cc. of fresh milk to their diet. They 
concluded that dried milk had lost none of its antiscorbutic power 
during the drying process, a conclusion in which they were confirmed 
by finding that infantile scurvy could be cured by giving dried milk 
of this variety. Barnes and Hume explain the (tiscrepancy between 
these results and their own by the fact that Hess and Unger gave hay 
ad Hb, in the basal ration, while they themselves gave only oats and 
bran. Hart» Steenbock, and Smith have pointed out that a 
smaller amount of milk is sufficient to give protection on an oat-hay 
diet than on a rolled oats ration alone. These investigators could find 
no evidence of antiscorl)utic in one brand of skimmed milk powder"' 
wliich they investigated although their basal ration included hay 
ad lih. 

On the other hand, Davis confirms Hess and Unger, havinii; main- 
ttfinetl lour guinea pigs for 400 days on a ration of hay and salt, with 
milk jjowder as the sole source ul C. Although the ration was too 
concentrated for sut'ees>»ful reproduction three young were rearetl on 
the same ration, and one of these gave birth to u liLtcr uf three of 
which two were reared. At the end of the experiment all nine were 
autopsied but no signs of scurvy could he detected. 

R(.> s M. .i St^^ct. Thor. Phurm. Nov. 18, 1919, Lane. 1919, ii, 979; Barnes 
and Hume, Uuuh. J. 13, 306. 1919. 

»" Hess nad Unger, J. Biol. Chem. 3S, 293, 1919. 
lis Just^Hatmaker product. 

Hart, Steenbock and Smith, J. Biol. Chem. 38, 306, 1919. 
Merrcll-Soule preparation. 
118 Davis, J. Home Ec. 12, 209, 1920. 
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Hart» Steenbock, and Ellis conclude that milk powders vary in 
antiscorbutic properties. Apart from the initial quantity of C in the 
milk, due to variation in the feed of the cow^ there may be consider- 
able variation due to the method of manufacture, the spray processes 
in general being more destructive than the Just-Hatmaker process. 
Tliey point out that this does not condemn spray process powders, 
but m^ely indicates their limitations w hen used as the sole source of 
nutrients in infant feeding. While it is probably safest to supply 
some potent source of C as supplement to all milk powder?, there may 
bo po.<sibic exceptions in the ra?c of powders made by the Ju«t- 
Hatmaker process from summer milks or oven winter milks win i r the 
cow's ration has been made rich in antiscorbutic vitamin by proper 
selection of roots and tulxTs. 

Jephcott anil Bacharach -'" found the antiscorbutic value of 
sunamer and winter milks dried by tlie roller process to be about equal 
to one another and to those of the original raw milks. Milk neutral- 
ised with sodium bicarbonate before drying bad a sUglitly inferior 
antiscorbutic value, and milk dried by the spray process was markedly 
deficient in antiscorbutic value. The dose of reconstituted dried milks 
required was 26 c.c. per 100 g. of body weight, the requirem^t of 
sunmier and winter milk being approximately the same. 

Hart, Steenbock, and Ellis, J. Biol. Chem. 46, 309, 1921. 
Jephcott and Bacharadi, Biocbem. J. i5» 129, 1921. 
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It should be evident from what has already been said that the im- 
portance ot the vitamins, especially in early life, can hardly be over- 
emphasized. Apart from the specific diseases, scurvy, xerophthalmia, 
and perhaps rickets, which result from pronounced deficiency of these 
factors in the diet, there is a long list of less obvious disorders which 
might easily be ascribed to some other cause, or even escape notice 
altogether for a con^derable time, but whieh are probably as inevit- 
able acoompaDimeiitB of a diet poor in vitamins as are the reoognised 
deficiency diseases" themselves.^ Schaeffer^ believes the avita- 
minosis (vitamin defidem^) of yonhg infants the most common of all 
and the most difficult to differentiate. Besides the marked decline and 
wasting of the tissues, frequently accompanied by xerophthalmia, 
which are regarded as indications of laclc of A, diminished appetite, 
weakness, and laclL of resistance to infection, anemia, and sometimes 
diarrhoea develop on diets which are inadequate in respect to this fac- 
tor. Growth may be retarded, even where the deficiency is not so 
pronounced as to lead to actual wasting of the tisFuo^ Derangement 
of the calcium metabolism is, according to Mcllanby, a serious result, 
which may be manifested in the appearance of rickets and the produc- 
tion of defective teeth. Puppies which had been brought up on such 
a diet developed irregular and overlapping teeth, with the enamel 
pailially lacking or very defective, the teeth in many cases being soft 
enough to be cut with a scalpel. 

Deficiency of B leads to functional changes of almost all the organs 
of tiie body as well as to degeneration of the central nervous system. 
The glands of internal secretion and the digestive organs aj^ar to 
suffer particularly. Acidosis frequently results from imperfect car- 
bohydrate metabolism. McCarrison believes that many of the ob- 
scure diseases of children may be directly or indirectly due to lack of 
this vitamin. Moreover, deficiency of B, as of A, leads to lowered 
resistance and increased susceptibility to bacterial infection. Loss of 
appetite is one of the earliest symptoms and a very serious one, since 

1 See Ch. IX. 

i> Schaeffer, Medeoine (Fari»). 1, 728, 1920. 
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it results in diminished intake of food and hence still greater deficiency 
of vitamins. 

Laok of C is followed by the appearance of scurvy in a compara- 
tively short tame, but Heas in America, and Barton* have waned 
practitionen that the external symptoms of this disease indieated the 
later stages of defidenoy, and that various ill-effeets may have been 
developing slowly for some time. They therefore recommend the 
adminii'tration of antiscorbutic as a routine practice with all artifi- 
cially fed infants, even where tlirsc are apparently healthy, a practice 
which has been advocated by Pritchard ' also. 

The calcium metabolism suffers from lack of C as well as from de- 
ficiency of A, resulting in abnormalities of the bony structure and of 
the teeth. It has been found possible to produce a condition in the 
teeth of guinea pigs closely resembling, if not identical with pyorrhea 
in man, by depriving them of adequate supply of C, and iliere is fairly 
convincing evidence for the belief that the defects of the teeth which 
are so prevalent in the present generation are due to insufficiency of 
vitamins in the food. 

It is therefore of the utmost importance that the growmg child be 
abundantly supplied with the necessary factors from early infancy. 

The natural food for the young mammal is the milk of its mother. 
The variations in the milk of diffeient species appear to be such as 
will correspond to the speci^fic needs of the young of that species, and 
it may be assumed that the milk of a healthy mother on an ample and 
well-balanced diet will fully satisfy the physiological requirements 
of her offsprmg until it is ready for weaning. On the other hand, as 
has been pointed out already, if the diet of the mother is deficient in 
any respect, normal growth of the young can take pi nee for a limited 
time only. Among the poorer classes in the Philippines, where the 
principal food is rice and fish, infantile beriberi is common among 
breast-fed children, and Andrews demonstrated that the milk of the 
mother of these children would produce antineuritic symptoms in 
puppies when given as the sole source of vitamin B, Scurvy, rickets, 
and pellagra have all been observed in breast-fed chUdreni althoui^ 
such observations are rare compared with the number of cases among 
mfants on artificial diets. McColtum and Simmonda* made an 
elaborate study of the effect produced upon the offspring by depriving 
lactating rats of definite dietary factois.' 'Where the mother's food 

* BsrtOBp LftDoet, 1M9. ii, M8. 

8 Pediatrics, 26. 300, 1913. 

* McCollum and Sitnmondt, Am. J. Physiol. 4A, 276, ISIS; McCollOnit 
"Newer Knowledge of Nutrition," N. Y. 1919, 117. 

■ 8m aiie Dmniondf laao* ii, 48S. 
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was entirdy lacJdog In A growth took plaoe at aubiiotmal rate, indi- 
catlng nther that the yoQDg rate had a reserve store in their own tis- 
sues or that the mother was seoreting a small amomit of this vHamin 
from her own body fat. That the latter hypothesis is the eorrect one 

is indicated by the loss of weight by the mother. McCoIlum says: 
" It seems certain that the body fats of an animal which has been fed 
for some time on a diet rich in this substance A, will serve as a re- 
serve supply of this dietary essential which the mother can secrete 
into the milk." 

Experiments wirli diets deficient in B gave similar results, and Mc- 
Cclluin concluded that neither A nor B is present in the optimum 
amount in the milk oi tije mother unless they are siipjihed in her food. 
Since, however, the young grew for a considerable time, although at 
slightly subnormal rate, when the mother was on a diet wiiieh would 
not sustain any growth in the young alter weanmg, it is evident that 
the mother can produce milic which is an improv^ent in respect to 
vitamin content, over the ration whidi she is herself recdving, dther 
by concentrating in the milk the small store of vitamins which she 
gets» or by nring np the reserve store in her own tissues. She is thus, 
as McCollum points out, a factor of safety for the nurelmgB. Similar 
observations were made In other experimflnts in which the diet was 
deficient in protein or mineral salts. While a cerUdn amount of 
growth was possible, — in some cases a surprising amount, — both the 
young and the mother suffered. Conomenting upon these experiments, 
McCollum remarks: ° " The statement which one sees reiterated so 
frequently, that breast feeding; of infants is supyerior to the best system 
of artificial feedmg, needs to be qualified to some extent. There are, 
without question, in many parts of the world, large groups of people 
whose diets are of such a character that the quality of the milk pro- 
duced by the lactating mother is not such as to make it a satisfactory 
food for their infants."* It should be thoroughly appreciated that the 
human mother should have in her diet a liberal amount of milk in 
order to safeguard the health and well-bdng of her infant, and of 
leafy vegetables, which serve the two-fold function of a protective 

• McCoUum, " Newer Knowledge of Nutrition," p. 128. 

Vnm ejqpcrimc&to eoodueted with rati, Hartwell (Bioebem. J. is» 14Q> 
1020) has aaoeftained ihe effect of diet on mammary secretion. Provided the 
mother is given a good diet such as bread and whole milk, thn baby mts at the 
end of the lactation period will weigh twice as much as when the mother i8 sup- 
plied with a poor diet, i. e. bread only. Extractives and protein tend to keep up 
the modier^ wei^t. An eioe« of prolem after a tim« brinct about a oetiatioa 
of the milk supply. Neither afaieaoe of fat nor an ezoeos of carbohydrate ap- 
peared to hnv^ A di^^iirbinc; effect. During the nocinal period of laotetioiii the 
mother can furnish vitamins At B and C 
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food and of greatly aiding inteflilnal eliminataom. Hiat tome motheni 
can induce a fair amount of growth in their infants while taking a 
faulty dieti cannot be denied, but that both mother and child suffer 
impairmimt as the result is beyond question. It is not enough that 
the diet shall furnish enough calories and enough proteiUi and shall 
afford variety and palatability. The peculiar dietary properties of 
the foodstuffs which enter into the diet are of paramount importanee, 
and must be taken into consideration." 

From hiH experiments on rats Drummond ' has been led to believe 
tiiat certain types of malnutrition common among the lower classes 
may be the result of diets more or less inadequate in regard to vita- 
min A, and particularly emphasizes the fact that young rats nurs^ 
by a mother whose diet was deficient in this respect never exhibit a 
normal resistance to disease. 

When the mother's milk is not available for the infant, cow's milk 
in some form is almost invariably used as the substitute. This may 
be fed raw or after pasteurisation, condensmg, or drying and it is cpm- 
monly modified m various ways in the attempt to approodmate more 
closely the content of human milk. Hie effect of heat upon the va* 
nous constituents of milk, inoludhag the vitamin content, has been 
fully discussed in Chapter XV. 

In spite of the somewhat conflicting evidence it seems justifiable 
to conclude that a healthy, child can develop normally on an exdusive 
diet of cow's milk, whether raw, pasteurized, dried, or condensed, pro- 
vided a mfReient quantity ran he fed. Even in raw milk, however, 
the supply of vitamins is near the minimimi, and heating reduces this 
still further, especially if long continued. For this rea^^un milk which 
has been pasteurized by the " flash " method, heatmg to boiling point 
or a little under for a minute and then cooling rapidly, is preferable 
to that which has been kept at comparatively low temperatures for 
longer periods, although this latter method is the one most generally 
used for pasteurisation in the United States. For the same reason 
dried milk appears to be preferable to condensed milk for infant feed- 
ing, and the sweetened condensed milk is probably to be regarded as 
superior to the unsweetened " evaporated " variety which is frequently 
sterilised after condensation to improve its keeping qualities, althou^ 
the hi|^ proportion of sugar in the sweetened product is probably a 
disadvantage." Moreover, since aging appears to result in loss (d C 
it is important to decrease the time between pasteurisation and eon- 
sumption as far as possible. 



r DroumoBd, Luio. 191^ ii, 488. 

• TiitoiidnHdbrLsssSblisrt. 8e» U&o. 1918, H, 84. 
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It MODS ta be the general impreBoan that where whole milk In any 
fofm to the chief componeiit of an Infant's food there » little danger 
of defideney of A* Bloeh'a experience In Copenhagen* indicated 
that a very small amomit of this factor may be sufficient for success- 
ful nutrition. Milk fat appears to be the best source of this vitamin 
for infants; with older cliildren eggs» and where necessary cod liver 
oil, may be used with advantage. 

The feeding of children on separator milk to whicli vegetable fats 
have been adrled in order to bring; tliis up to the fat standard of human 
milk is in general to he reprobated, owing to the defioienry of mo^t 
vegetable fats in A. Lmseed oil, which has been most conmiooly used 
for this purpose, is devoid of A, and most authorities agree that the 
use of this product as a substitute for butter-fat is likely to result in 
greatly diminished resistance to disease unless the necessary A is pro- 
vided from some other source.*** Pritchard and others report good 
results with an emulsion of soy bean oil, cotton seed oil, and suet, in 
proportions designed to resemble butter-fal This Is combined with 
sugar and dried separator milk to the sb^ndard of breast milk. Soy 
bean oil probably contains a small amount of A, and the beef suet is 
fairly rich in Uus factor. Hampshire and Hawker^ recommend a 
somewhat similar emulsion of beef suet with a small quantity of 
olive or arachis oil. This product is known as ** university cream " 
and is said to give good results. 

Pritchard supplements such a food with fruit or turnip juice as an 
additional source of C and an ounce of meat and vegetable broth to 
increase the supply of B, alone; v:\ih ?m?M quj\ntitics of either yolk 
of egg or calcium glycerophosphates, which seem to be equally bene- 
ficial. 

Daniels, Byfield, and Loughlin have reports that addition of B 
as obtained from fruit or vegetable juice or from wheat embryo to a 
diet already furnishing an adequate number of calories invariably 
stimulated the growth of babies, while orange juice from which the B 
had been removed was of no effect. They also made use of a specially 
prepared vegetable soup as a milk (Hluent, with good results whidi 
they ascribe to the B present. They consider that the retarded growth 
of infants and young children is often the result of a deficiency of 
this vitamin in their food, and suggest that the relatively large food 

» See p. 235 

10 Drummond. Lane. 1918, ii, 482; Pritchard, lb., 647. 

It Hampihire and Hawker, Pbarm. J. lOa, 82, 1^19. 

u Dani«]i» Byfield, 1111! LengUfai, Am. J. Dis. Child. 19» 1019; 10, M 
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nquiNDMut of tbe artifidally fed MtaA U connected with the poverty 
of diluted cow's milk in respect to this growth factor. 

Bddy and Roper " have etndied the effect of administering vita- 
min B in caees of infant mahiutrition, and report oKceOent reeulte in 
all eases (16 children). In one case they observed an average gain of 
0^ ounces per day over a period of 32 days, aa compared with a gain 
of 0.47 ounces per day for 17 days preceding the use of the vitamin, 
tbe diet and food intake being the same throaf^ both periods A 
three per cent increase in vitamin intake (as measured by the Bach- 
man test'*) produced marked stimulation. Eddy suggests that the 
pronnunrcd effect of so ?raall an addition indicates that extracted vita- 
min may bo more readily utilized by the child than that present in 
the diet, an ! that the way in which the vitamin is held in tbe food 
may be an important factor in nutrition. 

In discussing the proportion of B in milk, Osborne and Mendel^' advise 
the use of a libnrnl amount of milk when thia is depended on to supply any 
considerable proportion of tbiB most neoesBaiy food factor. A case of this kind 
is that of infa&t feedioff where it is eustomsiy to rdnlone the supply of ealories 
by diluting top milk and adding mUk sugar. Under these circumstances the 
food contains a relatively smaller proportion of the water-soluble vitamin than 
does the original cow's milk. While milk thu« modifipd may contain sufiicient 
vitamin as long as tiie food mtake is normal, li for any reason the child's appetite 
feils» the Titamiii supi^ is redaeed end endkes dietaiy troublee may eadiy re- 
sult. It is not improbable, they state, thai a large part of the difficulties of 
artificially feeding babies h due to thi? cause, and that these can he obviated as 
successfully by securing an adequate supply of this indispensible constituent of 
a suitable diet as has been the case in feeding animals on artificial diets since we 
have leemed how pro p e r l y to provide tiiie food feotor. 

Drummond recommends modifying cow's milk with cream and 
whey only, and l)e1ievcs that if tilis is done there is little danger of 
deficiency of vitamuin. 

Bosworth has patented a method for preparing a " reconstructed 
milk " of ilie approximate fompocitioa of human milk, by separating 
the fat (with the vitamin A) and casein from the serum of cow's milk 
together with practically all the caldum and phoephonis, but without 
any of the dinolved vitamiiia B and C, and finally re-eombining the 
reeulting flenim with a portion of the fat and with pfotein and eal* 
dum and phoephonia in the proportions present in hnman milk. 

^> Eddy and Roper» Proc. Soc. Eiqi. Bid. Med. 14, 62, 1916; Sddy, Proc. 
Am. 8oe. BioL Chem. J. BioL CShem. 41, jjoot, 1930. 
Bachmam J. Biol. Chem. 39, 235. 1919. 
i» Osborne nnd Mendel. J. Biol. Chem. 34, M4, 1918. 

»« Drummond, Lane. i918, ii, 482. 
^7 U. S. Patent l,Mi,040. 
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As has already been pointed out various authoiHifls reoomiiieiid 
regular adininiBteatioii of additioDal a&tisoorlMitio to all artifleially 
fed infants. Chick, Hume and SkdtoD ^* and Banica and Hume ^ 
plaoa special emphasis on the neceeeity of giving an antasoorbutic 
ration to babies fed on heated or dried milk or any milk substitutes, 
on the ground that even in raw cow's milk this vitamin is near the 
minimum and that there is danger that any heat treatment may bring 
the amount down below the safety line. 

Orange juice has long been used in infant feeding as a source of 
antiscorbutic. At University College Hospital, London, the minced 
orange, rind and pulp, is squeezed through a tincture press, and the 
juice collected. The essential oil from the rmd acts as a preservative 
and the juice keeps for quite a long time. Doses of one teaspoonful 
in a little sugar water are given twice daily to infants imder three 
months, and double that amount to babies over that age.*® Where 
infantile scurvy has developed Harden, Zilva and Still state that 
H may be suooeisfuUy troated with lemon jmce preparations from 
which the free citric acid has been removed by treatment with calcium 
carbonate and alcohoL When the irritant part was thus removed it 
was possible to give the equivalent of 6 to 12 lemons daily without 
any gastio-intestinal disturbanee. Hess *• recommends canned tomato 
imreservedly as the most serviceable antiscorbutic for artificially fed 
infants. It is well borne, comparatively inexpensive, and readily 
available. According to Hess it may be used in doses of one ounce 
per day in infant feeding. The jmce of raw swedes (yellow turnips) 
is recommended by the English authorities " as the best substitute for 
orange juice where this is found too expensive for use. The antiscor- 
butic value of these vegetables is high ^* and they have the merit of 
being abundant and cheap. The clean cut surface of the raw turnip 
M grated on an ordinary kitchen grater and the pulp folded iu a small 
piece of muslin and squeezed with the fingers, till the juice runs out. 
Barlow ^'^ and Hess and Fish have reported favorably upon tiie 
use of potatoes as an antiscorbutic. This may be made into a cream 
by sh^ng up well cooked potato in water, and fed as a diluent ol 
cow's milk. 

Chick, Hume and Skelton* Lane. 1918, ii, 1. 
^* BaniM and Hnme, Bioeh. J. 18, 308, 1919. 
""^ Barton, Lano 1019, ii, 318. 
«i Harden, Zilva and Still, Lane. 1919, p. 17. 

Hess, N. Y. State Jour, of Med. 20, 209, 1920. 
» Med. Res. Com. Rep. 38, p. 80. 
M Chick sad Rhodes, Lue. 1918» ii, 774. 
*" Barlow, Brit. Med. J. 1894. 
M UMtand Piah, Am, J.Dia. aiild.8, 886, 1914. 
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It should be noted that tomato and turnip juioe are good aouroes of 

A and B as well as of C, so serve a triple purpose. Orange juice is 
about equivalent to milk as r source of B and may poeably wyn^in 
A as well, but in very small quantities. 

The fact that the proportion of children developing deficiency dis- 
eases on art:fi( ittl dietd which are unquestionably low in vitamins is 
small has led to the suggestion " that the infant starts life with a re- 
serve supply of these factors sufficient to maintain it until its milk diet 
can be siipplemented with other foods. Even if this is the case, how- 
ever, it may be questioned whether this reserve alone is sufficient for 
optimum development Although no direct eiq;)erimental evidence is 
available on this point the low mortality among breast-fed, as eom- 
pared with artifieially fed, infants during the firat year of life suggests 
that their resistanoe may be increased by a higjber vitamin content in 
hnman than in cow's milk. In the later stages of life, when the milk 
diet begins to be supplemented by other foods, the dtfTerence between 
the two classoe tends to disappear. 

Nomsn** stottt that he eoiuklflra tin wperiority of ImMt-fed chOdfoi « 
compared with boUte-fed ones is not to wdl Barked at aohool age as one would 

be Ie<.! to cx'pcct. It is during the early year? of life, prior to echool ago, that 
the great advantage of breast-feeding o\ er bottle-feediuj? is so apparent. The 
bottle-fed children of the poor that survive, appear to overtake their diaadvan- 
tagoB, and by tiM ttma wb find them in Mhool, dunr no iofBriorilgr phyrically to 
thair hwait fed fdkww. 

Hie variation in development of infants on identical diets may very 
possibly be due to variation in tlie reserve supply of vitamins which 
they are provided at birtli, and this in turn may be at least partly 
dependent upon the vitamin content of the food of the mother during 
pregnancy. 

>r Gibaon and Coacspdoa, FbiL J. So. B. 1816, ii, 119; HopUM, Lum. 

1919, ii, 979. 

M Quoted ^sy LuM^a>poa, " llilk and its Hygienie Bdationa," p. 813. 
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OLD VOOD8 THROUGH KEW EYES: WHAT TO MkT VROM THB 

VITAMIN STAMDPOIHT 

Thi questioD whieh follows naturally from a study of the idtamins 
and thdr importance in the maintenance of health is how nmch 
vitamiiHXUitauung food is required in the daily ration? Unfortur 
nately that ia a question to which it ia impossible to g|ye a categorical 
answer in the pfesent state of our knowledge. It is generally assumed 
that one pint of unpasteurised milk a day supplies at least the mini- 
mum amount of all three vitamins for a growing child, but it is far 
from certain that this is the optimum amount. On the contrary ex- 
' perimenta already referred to (p. 296) would seem to indicate that a 
child may be highly benefited by increasing the vitamin content of 
the food above the customary amotmt. Still less is known as to the 
quantitative requirement of adults. A is apparently di>prn'^nblr nfter 
growth ceases, but it is not known with certainty whether the system 
is actually maintained in perfect health and efficiency over long 
periods of tune on a diet deficient in this factor. It has been shown 
(p. 179) that the amount of B required may depend upon the char- 
acter of the diet in respect to protein, fat, and carbohydrate. It is 
still uncertain what relation exists between muscular activity and 
vitamin requirement. It must be continually borne in mind that ab- 
senoe of pronounced disease is not a satis! actoiy criterion ci health. 
Only when every organ in the body is in a condition of highest 
eflficiency should the individual be regarded as satisfactorily nourished. 
Malnutrition is probably a much more common ccndition than we 
recognise, and we can hardly decide at this stage how far a defideney 
in vitamins may be responsible for such condition. On the other 
hand| so far as we know there is no possibility of overloading the 
system with vitamins, and it would appear the part of wisdom to so 
regulate our diet as to ensure the maximum consumption of the 
vitamin-rich foods, ^^niilc thi? i? most important in early life it 
should not be disregarded at any period. 

The vitamin content of milk has already been discii^^scd fully. 
Cream and top-milk may be tised as a source of A, and are eminently 
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satisfactory when expense need not be eoosidered too carefully. 
Skimmed milk retuns the antmeontic and antiscorbutic vitamins, 
but it must be used very liberally if it is to fonn the sole source of 
these vitamins. Curran r^rts that an allowance of one pint of milk 
per person per day was not sufficient to prevent an outbreak of scurvy 
in a Dublin work-house when the usual allowance of potatoes was 
duced by a potato famine. On the other hand a diet which is poor 
but not entirely deficient in vitamins can be very conveniently supple- 
mented by the addition of one or two glasses of noilk per day. 

Butter is a valuable source of A as well as an appetizing form of 
fat, but unfortunately under present day conditions it is too costly to 
be used as freely as might be desired. The increasing cost of good 
dairv^ butter has led to the sulj-titution of oleomargarine on many 
tablcii. Oleomargarine, or margarme as it is called in Europe, is a 
name applied to any butter substitute made by churning fats other 
than mUk fat with milk. A great variety of fats is used for this pur- 
pose, some of them being obtained from animal and others from 
vegetable sources. Of the animal fats those most conunonly used are 
" oleo ml " and ** neulral lard." In the preparation of " oleo oil " beef 
fat is rendered, clarified, cooled to solidification and separated 
by hydraulic pressure uito the lowenneltang oleo oil and the 
higher-melting oleo-stearine, the latter being used chiefly in the prepa- 
ration of cooking fats. " Neutral lard " is a carefully prepared lard 
which is free from taste and odor and is used in the preparation of 
high-grade oleomargarines. Among the principal vegetable fats used 
are coconut oil, cotton-seed oil, arachis, or peanut oil, linseed oil, corn 
oil, and soy (or soya) bean oil. The use of hydrogenated fats pre- 
pared by treating liquid oils with hydrogen in presonro of a catalytic 
agent, has increased rapidly within the last few years. By this means 
inedible oils siicli as whale and otlier fish oils, can be transform^ 
into tasteless, odorless fats of almost any desired melting point. Be- 
sides fish oils, soy bean, cotton-seed, rape, peanut, sesame, linseed, 
and sunflower oils are hardened and used in the manufacture of oleo- 
margarines and lard substitutes. A fat or mixture of fats, of the 
proper consistency having been obtained, it is churned with milk 
wbinAk has been soured by a pure culture of lactic acid bacifli to give 
it a pleasant flavor. Butter or cream are sometimes added in vary- 
ing proportions for the production of the better grades. In some of 
the European countries the amount of butter-fat introduced is re- 
stricted by law, but in the United States any desired amount may be 
used. 

All the eaq[>eiimental evidence goes to show that the fats of the oleo- 
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margarines are as digestible and as readily assimilated as butter-fat. 
The only nutritive superiority of butter lies in its content of the vita- 
min A. Oleomargarines vary conpiderfibly in respect to thi? factor, 
according to the fat used in their manufarturo. The vcgotabie fats 
in general are poor in A and an oleomargarine prepart d entirely from 
such fats will contain only insi^ificant traces of A from the milk 
used in churning. Oleo oil is fairly rich in A, although not equal to 
butt€r-l'at. Animal experimentation has demonstrated that oleomar- 
garines prepared from beef fat will not only serve as adequate source 
of A for the maintenance of growing animals in nomial condition, but 
will mtore ammals ^eh have auffeied deelhift &0111 deprivatUm of A. 
It flhoold, however, be need aomewhat more liberally than hotter if 
it is to f onn the ede loiiree of this vitaniiiL Lard probably is devoid 
of vitamin* so that tho use of neutral lard does not improve a marga- 
rine in this reapeet. The fish oils are rich m A, but unfortunately this 
factor is destroyed in the process of hydrogenation. It may be noted, 
however, that this does not constitute an objection when the hydro- 
genated fat is to be used as a lard substitute since, as noted above, the 
lard itself is presumably vitamin-free. 

Since it has been found possible to obtain potent concentrated ex- 
tracts of the A vitamin from the grasses, there peems no rea«on why 
it should not be pof^sible to cnnch a vitf\min-poor fat with such ex- 
tracts and thus remedy the only nutritioDal defect of the butter sub- 
stitute. Meantime it is not necessary to avoid the use of the mar- 
garines on this ground, provided a sufficient ainuunt of A is supplied 
from other sources. The enemies of oleomargarine have been criti- 
cised for making a seemingly unwarranted trade use of data on the 
very limited emttent of A in margarines. It is neither reasonable nor 
fair to the veiy important and eseential vegetable or nut-butter in- 
dustry to condemn these products on the ground that vitamins are 
not present. The amount of animal fats produced is hopelessly in- 
adequate to supply the world's requirements. Vegetable fats neces- 
sari^ must fonn a part of the diet of Tn^wiriwH We deplore the 
attempts to play upon the defect for trade purposes. Instead, en- 
deavors should be put forth to improve the body-building values of 
vegetable fats by the addition of vitamin concentrates to these fats. 

Whole milk cheese is fairly rich in A and may contain a small 
amount of B as well although it cannot be regarded as a satisfactory 
source of this vitamin. Skim-milk cheese is practically vitamin-free 

Eggs are rich sources of A and B. The fat of egg-yolk is as efficient 
as butter-fat in growth-promoting power. Twenty grams of dried 
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whole egg (about half an egg) was suffidenl to cure a polyneuntie 
ingeon. There ia no evidence, however, that they poBsees any anti- 
soorbutio power. A diet of milk and eggB, whether raw or oooked, 
would therefore supply an abundance of the A and B vitamm but can 

with advantage be supplemented with respect to 

Codced meats add little to the vitamin content of the diet. Some 
A may be present in the fats, and small quantities of B and C may be 
obtained from the lean muscle tissue, but in general meat and fish may 
be disrcf^firded as a source of vitamins unless used more extensively 
than would be advantageous for the average individual in civilized 
life. The glandular organs are exceptions to this, however, the liver 
and kidney being rich both in A and B. The pancreas (sweetbreads) 
and brain also contain considerable aruounts of B. McCollum** 
states that it is possible select foods so as to secure a fairly satis- 
factory diet eolirely derived from animal tissues, provided the ration 
is not limited to muscle tissue. When blood, liver, kidney, and other 
glandular tiaeuea are edeeted, together wHh a oertam amount of bone 
Bubetance, the food supply is sufficiently good to provide for noimal 
development. Young animals cannot grow or remain long in health, 
however, when restricted to muscle tissue as the sole food. With 
reference to this it is pointed out in an editodal in the American Medi- 
cal Journal ' that the avoidance of glandular organs on account of 
their high purin content is probably unnecessary. Over-eating of 
glandular tissue is likely to be unwholesome. " But assuming moder- 
ation of diet on the part of a healthy man in a regimen in which liver 
and its analogues are consumed as adjuvants rather than fundamentals 
in the ration, it is likely that they may often exercise a wholesome and 
even corrective influence in supplying food factors which the cereals, 
roots, tubers, and even muscle tissue lack." 

^ The Talue of vitaauiis ooutaiiwd in iee tatetuk ia dapuawd hy Jsffa. (Chem. 

Abe. 1921. 2516). 

Concerning Farmers* Bulletin 1207 issued by the States Relation Service, 
Department of Agriculture, the American Food Journal (November, 1981t 24) 
ikolee that die diBemrion of Titamins in this buUetiii mailDi Uie complete Mflq|»t- 
ance of these discoveries by the States Relations Service. Referring to the vita- 
min A, found especially in milk fat, the bnlloliii sriNs; "Vitamin A is of special 
importance for two reasons: one is that without it children cannot grow and 
develop normally, even though their food is otherwise sufficient for their needs; 
the eeooiid is that vitamm A ie foond in eadi foode ae milk» egg yolk, green leaf 
vegetables, fats surrounding the vital ofgans, nrcsns id animals, to a less cxtcQt 
in meat» and peiiiaps in certain (nvAs and in few "n abundant as in milk. It 
appears to go with the milk fat and so is found in whole milk, cream and butter.^ 
HcCollum, Proc. Inst Med. Chic. 3, 13, 1020. 

• Am. Med. J. 7Sk 1908, ino. 
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Since milk aod eggp are used on the whole rather eparing^y in the 
diet of the average adult and meat is not a very abundant source o! 

vitamins, the vegetable foods must form the main source of supply 
of these factors. H is unfortunate that flour, which makes up so large 
a proportion of the daily ration, should have been robbed of its vita- 
min content in the milling process, but the refined product of the mod- 
era mills is uselcpp r\?^ a source of vitamins. Whole wheat bread fur- 
nishes both .4 :ind B, and the combination of whole wheat bread and 
butter, naiik, and fruit is an admirable one as rop^ards vitamms. 

Apart from the cereal grains the seeds commonly used as foods 
contain no quantity of A. Peas and beans, fresli or dried, furnish a 
fair amount of B. C appears to be lacking, except on germination. 

Tubers and roots diUer surprisingly in their content of vitamins, 
SO much so that no generalisation can be made. The white potato, the 
most extensively used root vegetable, is relatively poor in both A and 
B, but may serve as an effective antasoorbiitic if supplied liberally. 
Sweet potatoes have a higher coocentration of A than white potatoes. 
The common yellow turnip (swede or rutabaga) is a good source of 
all three vitamins, although the antiscorbutic is somewhat decreased 
by the necessary cooking. Carrots contain about equal amounts of 
A and B, but are much poorer in antiscorbutic than the rutabaga. 
Beet-root is comparatively poor in all three vitamins. 

The leafy vegetables, spinach, cabbage, and lettuce, are exception- 
ally rich in A, spinach being the richest and lettuce the poorest of the 
three, and are also excellent sources of B and (\ The same state- 
ment may be made of the tomato. These four vefj' tni)lc- aie com- 
monly refrarded as luxuries rather than necessities, and are generally 
used ciiiefly to give variety to the menu. Our recently acquired 
knowledge of the vitumuis indicates, however, that they should play 
a much more prominent part in our diets. McCollimi has placed a 
great deal of emphasis on the value of the leafy vegetables which he 
classes along with milk as protective foods. He points out that while 
these vegetables might at first sight appear to be uneconomical foods, 
owing to their low content of carbohydrate, fat, and protein and hi^ji 
content of water, they have nevertheless a peculiar value owing to 
thdr high vitamin and nuneral content and should be used as liber- 
ally as possible. 

The same argiunent may be advanced for the generous use of fruits. 
These are particularly valuable for their antiscorbutic properties, but 
most common fruits contain a small amount of B, Bananas oontain 
some A, but little or no B. 

Common varieties of edible nuta appear to be of littte value as a 
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source of A, although walnuts are said to contain some of this factor. 
On the other hand, nuts in general appear to contain considerable 
quantities of B, InfonnatioD is lacking as to their antiscorbutio 
value. 

Suggestions by Delf {Science Progress, 15, 601, 1921) are useful 
to dietitians when considering foods from the vitamin standpoint. 
If butter, milk or animal fats are scarce the quantity of ligbtly- 
cooked green vegetable and abo oarrots, otr raw vegetaUea served 
aa salads, should be increased. Fat fish sttoh as henring, uutekerel 
and safanoni if available, are recommended. Cod liver oil Is espe- 
cially useful for children. Germinated pulses or cereals may replace 
fruits and vegetables when the latter are scarce. One-half pound of 
vegetables supplies the daily needs of a man doing full work. The 
Juice of an orange or lemon, or a fau-Iy large fresh tomato daily af* 
fords sufficient vitamin C for an adult. 

Yeast has been highly recommended as a source of vitamin B, but 
in order to be efficient it must be used liberally, the amount ordinarily 
used in bread-making being insignificant. Hawk recommends the 
use of flour containing 5 per cent of yea?t powder for bread making, 
ptntinp; that thp product is palatable and much more nutritious than 
ordinary bi t both the vitamin B and the protein of the white flour 
being fmppleinriited by the yeast. Renshaw has obtained some evi- 
dence indicf.t ing that yeast is effective in increasing the utilization 
of other foods^^ Excellent results have followed the therapeutic use 
of yeast in disorders of the blood, and so far no deleterious effects 
have been observed from its consumption on a liberal scale. On the 
other hand, where the diet can easily be regulated at will it is a 
simple matter to arrange palatable combinations of the ordinary foods 
which wiU supply an abimdance of vitamins of 1^ three classes with- 
out the addition of yeast. 

Evidence is not yet complete as to the amount of destruction under- 
gone by the three vitamins on heating. Certainly there is strong 
probability that more or less deterioration takes place at high temper- 
ature, and consequently that larger quantities of cooked foods will be 

Hawk, Smith and Bergeixn, Am. J. Fhydol. 56, aa, 1U21. 
*k Banshaw, Am. Natnnliat 45, 73, 1081. 

White nice wen fed on a baaal diet with varying amounta of yeast. The 
diets prepared were: (a) casein 175%, starch 49.6%, lard 18%, butter 9%, 
Baits 59c, yeast 1%; (b) casein 16.5%, starch 48.5%, lard 18%, butter 
0%, salto 5%, yeast i%; (c) casein 15^%, starch 47^%, lard 16%, butter 0%, 
nlli S%, ywet On diet (a) in vnltiiiited amoimt the net tarn id 12 mice 
in 13 days was 2.93 g. They were then fed dietefb^ or (c) m Jimiled emoimte 
when the net gain me 1488 g. in 1ft degn. 
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required to supply the neeeesary factors thaa of the same foode in 
the nm state. As the antlseottratic is the most sensltiTe of the vHa- 
nuns to temperature a diet made up entirely of cooked foods is likelj 
to be defident in this respeoti a danger whiofa is, however, easily 
avoided by the addition of salads and raw fruits to the menu. 

As has been shown the destruction increases rapidly with tonpera- 
tures above 100® C. Consequently baked or fried foods may be ex- 
pected to be poorer in vitamins than boiled foods. On the other hand, 
exposure to a low temperature for a long period has been found more 
deptnirtive to the antiscorbutic factor thrin n liigher temperature for 
a shorter time. It is therefore desirable that foods which are relied 
upon to furnish the vitamin C in the diet should be cooled as rapidly 
as possible, if they must be cooked at all. In several cases outbreaks 
of scurvy in military camps which occurred in spite of a daily ration 
of fresh vegetables have been traced to the fact that these vegetables 
had been subjected to long slow cooking or stewing which entirely 
destroyed their antiscorbutic value. Chick and Dalyell' have re- 
ported an outbreaic of scurvy which aflfected 40 children out of 64, 
between 6 and 14 years of age, who were under treatment for tuber- 
culoflBS. Fresh vegetables were supplied regularly in generoue 
amount, but it is assumed that the long cooking to which they were 
subjected had destroyed the greater part of the vitamin present. 
They suggest^ that chopped cabbage and tomato be added to 
soup a short time before serving, in order to reduce the heating of 
these vegetables to a minimuuL Or, when fresh fruit or vegetables 
are difficult to obtain, turnips and carrots might be grated and the 
juice set aside, adding the grnted vegetable to the soup to cook for 
as long as necessary, hut pouring in tlic juioe ]u?t before tlie soup is 
served. Cabbage and cauliHower should be steamed instead of boiled, 
in order to retain the vitamin which would otherwise be lost in the 
water.** 

Th(; Medical Research Commission has pointed out in this connec- 
tion that lood cooked in a fireless cooker will lose much more of its 
antiscorbutic factor than it would if cooked in the ordinary way. 
This is not neoeesanly an argument against the use of fireless cookers, 
however, nor against the eating of baked or roasted foods, but pointo 

• Chick and Dalyell, Brit. Med. J. 1920, 2, 548. 

• Chick and DalyeU, Ztecb. f. Kinderh. 26, 257, 1920. 

^ Ddl dBfknm tiw pnetioe of over-oookiiig or " keeping hot " w> frequently 
omplogrod by tbo houHwifo m pmpmog frots iad vegetables. Theee Bhoold 
be heated only to an ezfeeoi mffldent to iteriliie and eoffeaa the tuBoet. (SoMBoe 
ProgreaB 15, 601, 1981). 

• fiflpori88. 
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to the aeccmity of supplementing such food with some other source 
otC, 

The itability of the vitamins may vary considerably according to 
the source m which they oeeur, and, on the other hand, dUferent foods 
differ as to the amount of heat necessary to ensure their preservation. 
It is at present imposnble therefore to make an entirely satiaf aetoiy 
general statement as to the vitamin content of canned and preserved 
foods. According to Steenbock and Boittwell, heating under pres- 
sure for three hours does not cause any noticeable destruction of A 
in com, chard, carrots, sweet potatoes or squash. McCollum asserts 
that there is not the slightest danger of destroying this vitamin in any 
vegetables or fruits by the ordinary canning process. Delf, on the 
other hand, reports a serious amount of destruction of the A vitamin 
in rabbnge after heating to 130*^ for two hours. 

Chick uiid Hume have stated emphatically that all canned and 
sterilized foods arc likely to be deficient in B, and although a few ob- 
servations are not in accord with this, it is wiser not to depend on 
such foods for our supply of antineuritic. 

It is the general concensus of opinion that the antiscorbutic factor 
is likely to be seriously depleted by heatmg for long periods or to a 
high temperature, and that canned goods cannot be depended upon 
to fumtsh this vitamin. Tomatoes are a marked exception to the 
general rule, however, canned tomatoes being still very satisfactory 
sources of the three vitamins. 

There is very little evidence) as to the effect of drying on vitamin A, 
but it is probable that this factor will not be seriously iiqured by the 
drying process. B appears to be little if any affected by drying at 
moderate temperatures. There is considerable variation in the sta- 
bility of C in different foods, and a few dried foods retain some anti- 
scorbutic power, but it is usually considerably reduced, the deteriora- 
tion increasing on storage. The majority of fruit juices are rather 
exceptional in this respect, retaining their potency for months if dried 
under suitable conditions. For the most part, then, dried foods may 
be expect^^d to supply practically the same amount of B, and possibly 
as much A as tlie same foods when fresh, but are not to be relied upon 
for antiscorbutic. They may be used to give variety and palatability 
and have a certain amoimt of nutritive value, but they cannot take 
the place of fresh vegetables and fruits. 

From the point of view of economy it is doubtful whether the pres- 
ervation of vegetables by canning and drymg is generally profitable. 
It is poanble to obtain all the vitamins reqiured from those vegstaUes 
which keep without deterioration throughout the winter months in 
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their natural state, mieh as potatoWi tumipa, oanote, paftmps, cab- 
bage, and celery, and the winter Imita, apples, orangee, lemoDS, and 
grape fruit. By restricting ourselves to these in the winter and eat- 
ing the mora perishable products only in summer when they can be 
obtained yoimg and fresh from the garden much fuel and labor would 
be saved without the sacrifice of any nutritional advantage. As 
already mentioned, however, tomatoes occupy an excoptional position, 
as they are preserved much more easily than flu majority of ve|^ 
tables and retain their vitiimia content practically unchanged. 

The probable future development of vitamin concentrates of uni- 
form reliable quality may make possible the enrichment of our fa- 
vorite foods by the addition of vitamins. Those favoring vegetable 
fats can have nut-butter vitaminized. Some persons dislike milk and 
othere refuse butter. Vitamin A > could be administered through the 
addition of a eonoentrate to soups or other foods. The Jap rejeota 
rice which is not white. If " off color *' it does^not satisfy liis e]q>ee- 
tations. But when his anUes swell and pains are felt in the calves 
of the legs, due to incipient beriberi, he has learned to drop rice from 
the diet temporarily and to eat whole wheat. He does this most re- 
luctantly and a means for cheaply adding vitamins to polished rice 
should be popular in Japan. 
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There is comparatively little material available at present on the 
use of vitamins in clinical medicine. The whole subject is too new and 
too iilile understood to have had widespread application as yet. 
Nevotheless, certain extremely interesting and suggestive articles 
have appemdy In which tboee best fitted to speak with authoritgr on 
the qfUtttion have urged upon physiciaiui in general the neoessity for 
greater attentioii to these faetore.^ 

It cannot be too strongly emphasised that the so-called " deficiency 
diseases " are not the only, or the most important, results of deficiency 
of vitamins. In the Harvey Society Lecture, 1021, Hess' urges 
physicians to realize that a lack of t^ese essential food factors gener^ 
ally does not bring about typical pathological states, but obscure 
alterations of nutrition; ill-defined functional disabilities, which can- 
not be characterized or even recognized as disease and that it is such 
incomplete, larval forms of the deficiency disorders to whirli jiliy^iciana 
will have to address thempclvo?. Ftirtlirr, Hess nvgues as to the 
probability that every or^un or svstcrn m tlie body may be affected 
by faulty nutrition, so tliat the deficiency diseases must engage the 
attention of every physician, whatever his particular interest or spe- 
cialty. For example, involvement of the eyes may lead to impaired 
vision or night blindness, or, on tha other hand, neuritis, cardiac en- 
largement, disturbances of the circulatory system, atrophic disorders 
of the skin, nails or hair, caries of the teeth, or unaccountable lack of 
appetite and constipation may each in turn be the earliest symptom. 
A more careful inquiry into the dietary of patients will result in bring- 
ing to li^ many cases in which vague and ill-defined lymptoms can 
be remedied simply by rendering the diet adequate; The ddef clini- 
cal importance of disorders of nutrition seems to be associated with 
the fact that they bring about an abnormal condition of the tissues 

A Hepldiit, Bm, ei al. Britidi Med. J. 1916. 2, 147; McCarriMO. Jad, J. 
Med. Res. 6, 275, !9!9 Chick and Dilyell, Britidi Med. J. 1990, S, M6; Heti* 

J, Am. Med. Assn. 76, 693, 1821. 

The growth of tumors may be stimulftted by accessory factws. From 
their experiments on yeast, Suguira and B«B«dict suggest that the favorable 
«ff«ot d tidhtm hi soch auws may be due to the partial destniotioa of acow 
Mvy substances (see Zunz, Scalpel, June 19, 1990; FhynoL Abatnett s, 596). 

> HcM> J.An.Mad.AML70^6d3, 1821. 

800 
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which renders them more susceptible to the invasion of bacteria or 
their products. This relationship was exemplified in 1913, when, as 
the result of a dietary of pasteurized milk', latent scurvy developed 
among a group of infants under observation by Hess. This " scor- 
butic taint " was followed by a widespread grip infection with hemor- 
rhagic sUn manifestations, which disappeared on the administratiim 
of orange juice. For eome yean Heas was uncertain how to interpret 
thifl peculiar clinical lucture, irfiether to regard it as due to ecurvy or 
to infection. As the result of subsequent experience he realised that 
it was due to both causes, the result of a primary nutritional disturb- 
ance and a seoondary bacterial invadon. Another illustration of 
the inter-relationship of disordered nutrition and infeoUon was 
furnished by the frequent coinddence of nasal diphtheria and latent 
or subacute scurvy. This concurrence is so suggestive that when a 
large number of cases of nasal diphtheria develops, suspicion should 
be aroused that the infection is implanted on tissues rendered suscep- 
tible by scorbutic or other mitritionril disorders. This " nutritional- 
infecfioii<? " aspect has been convincingly illustrated on a large scale 
among the peoples of the Central Empires, who during the many years 
of the war suffered from various forms ot malnutrition. The general 
inip:nrment of health was most strikingly manifested both in adults 
and lu children by the great spread of tuberculosis and its increabed 
mortality. Davidsohn' has reported that in Berlin there was a 
marked increase in infection with tubercle bacilli in children under 
the age of five years, and they had been infected earlier in life than 
formerly; whereas in 1913, 30 per cent gave positive reaction at four 
and one-half 3reara^ in 1919 this percentage was reached at two and 
one-half years. 

Reference has already been made to the observations of llcCarri- 
son and others on the effect of vitamin deficiency on the various or* 
gans * and are in themselves highly suggestive McCarrison states 
that liis clinical experience leads him to believe that there are many 
minor maladies associated with deficiency of the accessory food sub- 
stances in the diet of children especially, or with incomplete assimila- 
tion of these factors, and remarks ttiat the laboratory experience 
gained in animal experimentation with vitamins had been of no small 
measure of assistance in dealing with cases of bilious vomiting, acido- 
sis, mucous disease, and other metabolic disorders of childhood which 
were referred to him. 

The most common dietary faults among children of the well-to-do 
are considered by McCarrison *• to be a deficiency of vitamins and 

• Davidsohn. Ztflch. f. Einderh. 21, 340, 1019. * Chap. IX. 

«• Lancet 1921, I., d4S. 
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an excessive amount of carbohydrates with low salt conteot, especially 
calcium, when milk is overheated and vegetables are scanty. The 
effects of such faulty foods as observed experimentally on iiioiikeys 
have been: Congestion and hemorrhage in the wall of the stomach 
and intestine; atrophy of the myenteron; degenerative changes in 
Aiwrbach's plexus; dilations in various parts of the tract; increased 
tendency to intussusception; inflammations of the oolon; bacterial in- 
fection; depressed functional activity of the intestinal gjanda. Con- 
tinued Bttbsistence on such diets may lead to intestinal stasis par* 
ticularly in its dfects on the neuromuscular control of the bowel. 
Seoondarily there may arise disturbances in the endocrine organs, 
particularly the adrraal. 

In the early days of vitamin research Huessy reported" that 
orypan, a remedy prepared from rice husks,** of which the principal 
constituent is probably vitamin B, was used with good results in the 
treatment of weakness and inanition of women. 

Hawk, EInowles, Rehfuss, and Clarke * have published the results 
nf an investigation into the therapeutic value of baker's yeast (Fleisch- 
man's), another substance which most probably owes its potency al- 
most entirely to its content of vitamin B, Their results are summed 
up as follows: 

Number of Improved or 
CooditioD Owns Cured 

FimiiioulosLs 17 Ifl 

Acne vulgaris 17 U 

Acne rc^acea 8 

Coufitipation 10 

GMlfo4BtMlinal eatarrii S 

TiitmtiB^^ fat«wi<ifctf 4m 1 

Sczemas ...............•«.••.«• 5 

Arthritia deformans .*..*... 1 

Psoriasis 4 

Biytimna and iirtiearia 1 

Bronchitis 2 

Urethritis 2 

Pruritus 1 

FbUieulitts 1 

Conjunctivitis 1 

Duodenal vi\rrr , 1 

Swollen glands * 1 

Totab 96 M 

« Huessy, Muaoh. Med. Woch. 61» 981» 1914. 

• See p. 123. 

t Hawk. EaowiM, Mfwa, tad Ctnrkeb X Am. Ued. Aml eQ, Cel. 
1U7. 



Digitized by Google 



812 



VITAL FACT0H8 OF FOODS 



These investigators add that in many of the cases which came under 
their observation, the yeast treatment caused an improvement in the 
general physical condition of the patient quite unassociated with the 
improvement of the symptoms associated with the particular disease 
in question.* 

• Certain experiments on fermentation by Schweiser (Mitt Lebensm. Hyg. 
II, 200, 1920) according to his interpretation do not confirm the existence of 
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TITAMIlfS jam THB LOWBS QBI&ABnSMB 

In 1901 Wildien* made the etatemeni tbat yeatl iHH imt graw iD 

a nutrient solutioii ooataining ammonium ealte as the sole source of 
nitrogen if the amount of the inoculating material is small. If the 
amount of the latter is large, fermentation soon follows, presumably 
because an essential nutrient material is introduced tbrou^ the 
death and autolysis of some of the cells. To this hypothetical nutrient 
Wildier gave the name " bios." As the knowledge of vitamins de- 
veloped, a general resemblance between the behavior of " bios " and 
vitamin B became apparent, so much so that the Belgian chemists 
who are studying " bios " have adopted many of the metiiods devised 
for the study of vitamin B,' while, on the other hand, several American 
workers have endeavored to use the growth of the yeast plant in a 
suitable mediimi as a quantitative test for the presence of vilainiu B. 
The methods employed and the quantitative results obtained are dis- 
cussed elsewhere. (See Cb. II.) 

Leaving aside the quesyon of the identity of " bios " with any of 
the Imown vitamins, a brief summary of the work done on the effeet 
of vitanuns, or unidentified vitemin-lilce faotorsi on yeastSi moulda^ 
and bacteria follows. 

» Wildiers, La Cellule, i8, 313, 1901, See abo Licbig, Ann. Chcra. 153, 1, 
137, iS7Q; Pasteur, Ann. Ckem. piiya. 25, 1872; Mayer, Ann. Phymk. Z4a» 
Sar. 1, 9n» 1871; Nlgeli, Gbeok Zentr. ie» 4^ 188; Amiad» I* Odl. si, 898, 
1801; Devloo, lb. 23, 881, 1908; Beofy, Ana. hnm et diiA. 1988, 198; Woeh. 
brau. 19, 325, 1902. 

* Ide observes that a distinction should be made between two kinda of pro- 
lifention of yeast, one veiy alow without "bios" and one fast with "bioa.'* 
To Mhieve npid growth in wkieh prolifmtioB ia inenaMd 80 tiaiM a ipeoial 
" bioajne," vecific in its influence on the growth of ywwt, it asserted by Ide to 
be necessary for he considers that none of the known organic substances de- 
scribed up to the present time ha? any comparable influence on yeast. For 
rapid growth, the yeast n^ds a large portion of its nitrogenous food in the foim 
ei bioone. As yvt, no diffoenoe fans been obeenred in tiio chenkiosl firaiwrliei 
of the water-soluble B of Myers and Voegtlin and biosine. But it cannot be 
stated yet with oertaintgr that mter-eohible B vitamin and " bioe" are the eaoM 
substanoe. 

313 
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Bachinatm,* WilliamB,* Swoboda," Bddy and Steveoson' and 
Funk and Dnbin ' ha^e all believed that the vitanun requiiement of 
yeast is so definite thai it may be made the basis ol a quantitative 
test for the presence of vitamin B, although the last-named authors 
have now oome to the conclusion that the vitamin in question is not 
B but a new vitamin which they call D,* and Badmiann pointed out 
that anaerobic yeast could apparently develop aueoesafully in a vita- 
min-free medium. 

Emmett aiui Stockholm,' Whipple ' and Eddy, Heft, Stevenson, 
and Johnson " agreed that \'itamin preparations have a highly stimu- 
lating effect on the growth of yeast,^* but doubted the applicability 
of the method for quantitative determinations, while Souza ami Mc- 
Collum," MacDonald and McCollum/* Fulmer, Nelson and Sher- 
wood ^' deny that a supply of vitamiiia is essential for the 
growth of the yeast plam. Aa m so many other branciies of vitamin 
research the results obtained in different laboratories seem directly 
contradictory, but it ia probable that with further knowledge a ooni- 
promiae ia already suggeated by the work of Funk and Dubin re- 
ferred to above, in which they believe th^ have secured conduaive 
evidence that the growth atimulant required by yeast ia not B bub 
another vitamin with many properties similar to those of B, but quite 
distinct from it in others. (See p. 160 and C) 

That water soluble B ia not an essential constituent of the medium 
for the growth of yeast but yeast is capable of synthesizing that 
vitamin is indicated by the observationa of Nelaon, Fulmer and 
Cessna.^' For growing the yeast a medium was used of the follow- 
ing con^xMitiona: 

* Bachmann, J. liioi. Gliem. 39, 235, 1919. 

4 Williama. lb, 88. 405, 1819; 43, 88». 1880; 46. U8» 1881. 
» Swoboda. lb, U, 881, 1880. 

« Eddy and Stevenson, Proc. Soc. Exp. Biol. Med. 17, 52, 1918. 
7 Funk and Dubin, J. Biol. Chem. 44, 487, 1820; 48, 437, 1921. 

• See also Emmett uid Stockholm, J. Biol. Chem. 43, 287, 1920. 
•Loc ctt 

10 Whipple, J. Biol. Chem. 44, 175, 1820. 

" Eddy, Heft, Stevenson and Johnson. Ih. 47, 249. 1921 

i> See abo Euler and Pettersson, Z. pbysiol. Chem. 114, 4, 1921. 

u Soiisa and McCoUnm, J. Biol. Chem. 44, 113, 1920. 

u MacDonald and MeCoUniB, lb, 45, 807, vmM; 40, 636, 1881. 

ic Folmer, Nelson and Sherwood, X Am. Cban. Soe. 43, 186, 181, 1881. 

M J. BioL Chem. 48b 77, 1881. 
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OJl g. 

0.04 g. 

0.1 g. 

0.188 
10. g. 
100 cc. 



Hm yeut mm pbted from % Flfljadunaan ywrt cake. TIm yeiat hm pom 

oontinuoualy in the above medium for a year. It was grown in 60 OS. portiona 

of the medium, 1 cc. of the culture being transffrrrd pvery other day to 50 cc. 
of fre?h medium thus enormously clilutmi^; tiie original constituents of the me- 
dium or of the yeast. It can be concluded that alter such a procedure any B 
pretent in the yeatfc mvat hftve btten qmtlMeiiad by fhe orisuiiflii. Snflidaiit 
yeast was grown for feeding experiments on rats whidh mnde rapid gains when 
2 per cent of the yeast grown on the ."^^i^thntic medium was added to n Kfeton 
free from B and on which tlte rats had begun to decline rapidly.^' 

Vitfimin? according to Lumi6re are not necessary to the devel- 
0{)incnt of plant?, which reach full £i:rowth in media of known chemi- 
cal composition. Extracts from substances rich in vitamins as dried 
raisins, aided development in media which were low in nutritive value, 
but their place could be taken perfectly by appropriate addition of 
mineral salts. Penicillium glaucum, Aspergillus niger, and Rhizopus 
nigricans and Amanita muscaria were used in these observations. 

Willaman " has studied the metabolism of Sclerotinia cinerea, par- 
ticularly with regard to the function of vitamins, and offers some in- 
tensUng conclumonB. Sderotinia cinerea, the brown rot fungus of 
peaches and plimiB, cannot grow on a medium made up of saoroee, 
Balte and aeparagine. The addition to this medium of flmaU amounts 
of plant decodaoQS^ especially of the fruits of plunu and peaches, 
induces growth. The experimental data reported in the paper show 
that the factor supplied by the plant decoctions is not one of nuneral 
nitrogen or energy requirementa but is of the nature of a vitamin. By 
means of absorption of fuller's earth, vitamin preparations were made 
from a large number of widely scattered sources, both plant and ani- 
mal; all of these preparations were active in promoting growth in 
Sclerotinia and a few of them promoted reproduction also. Experi- 
ments designed to show whether two separate vitamin iactois are in- 

" Bflsulti obtained by Fleming (I. Biol. C!hem. 49* VBOl) an oanridond 

fay him to disprove any specific action of water-soluble B in stimolation of joot 
growth. The addition of oiyanir; nitroppn to thn inorganic nitrogen of the cul- 
ture medium employed apparently is in part at least responsible for Uie stimu- 
lation of yeast growth. 



u Ann. Inst PMeur ss» ^ ItU. 
» J. Anu Caum. 8oe. 42, m, M. 
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volved in the two phases, vegetation and reproduction, in the life his- 
tory of Sclerotinia, yielded some evidence fnvoring this view: (1) 
The reproductive element is absorbed by luller's earth more readily 
in an alcohol and the vegetative element more readily in an aqueous 
medium; (2) some sourcee yield preparations which predcnunate 
in the vegetative factor, others yield preparations that promote both 
aetivities; (3) preparations which promote only vegetation on a 
normal medium have not been induced to promote reproduction by 
changes in the proportions of the nutrients in the medium, and piepa- 
rntions that on normal media promote both aetivitieB have not been 
made to lose entirely the reproductive element, thus indicating that 
the influence of the nutrients in affecting the ratio of vegetation to 
reproduction is quantitative and not qualitative. On the other hand, 
the hypothesis of the existence of but a single vitamin for Sclerotinia 
is more plauf-ible acrording to muoh of the experimental evidence. 
It is very probable that reproduction in the funicniB is simply a differ- 
ent manifestation of the same activities as characterize vegetation. 
The single activity that is apparently most dependent on a vitamin 
supply is respiration. Respiration is common to all of the materials 
which have yielded the vitamin, and the degree of metabolic, and 
hence respiratorj', activity in tiiese materials is proportional to the 
activity of the vitamin prepared from them. Thus the evidence is 
aocunmlating in favor ol the view that there is a dose connection be- 
tween respiration in a cell and its vitamin content^ and also its vita- 
min reqpihement. Just which cells in the plant world can synthedae 
this vitamm is still an open question. The SderoCinia vitannn is pos- 
sibly identical with the water-soluble B of the higher ammals, and 
since the latter cannot synthedse this vitamin it becomes important 
to know which plant organs can effect such a synthesis.** 

A study of the effects of vitamins on the growth of Oidium lactis, 
made by Linossier,*^ afforded yields of growth, in mg., with and with- 
out the addition of vitamins to the medium respectively b.^ follows: 
2nd day 550; 4th day 157,218; 6th day 318,334; 9th day 366,346. 

Goy experimented with various fiin^^i nnd bfieilli nnd came to the 
conclusion that vitamins are not essential to the lower plant forms, but 
that the evolution of these m somewhat influenced by a nitrogen-free 
acid isolated in crystalline form from cultures of Mucor mucedo. The 
validity of this statement is questioned by Funk " on the ground that 
the substance actually isolated was entirely inactive. 

«« Chem. Aba. 1920, 1700. 

<i Compt. rend. boo. bid. 8fl, 381, 1919; Chem. Abs. 1920, ^m. 

Oar, C. r. m, 949, mt. 
•» Foak and Mia, J, BioL Chem. 4M, 441, Ittl. 
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Several imreetigAtors have reported on the neeeesHy of vitamms lor 
bacterial growth. Davii found that the influensa baeOlus requires 
for ite nutrition a vitamin-like substance which is pfoduced by a 
number of other bacteria and can be isolated from many animal and 
vegetable tissues." Davis suggests that the rdle of the vitamins in 
the development of the bacilli is to render iron, calciimi, phosphorus, 
iodine, and amino acids available for the metabolism of these or- 
ganisms.*' 

Lloyd states that in the absence of vitamin?, meningococcus fails 
to develop, owing to its inability to utjlize the amino adds of pro- 
teins. The necessary vitamins can be obtained from the body fluids. 

Cole and Lloyd** foxind vitamins, or wiiie lubslNwe of siiiulw nature^ 
neoeMiy lor the e u eeew f ui euHivatioii of fonocoeoiis. 

In nasal sscietlon there is present some body which greatly aced- 
erates the growth of the meningococcus on an artificial culture me- 
dium. Alone it is incapable of acting as a food or stimulant to the 
growth of this organism. The body is soluble in water, less so in alco- 
hol, and very insoluble in ether. It has great heat-resistiDg power, 
being able to resist prolonged boiling. Boiling in the presence of 
strong hydrochloric acid for twelve hours did not destroy the sub> 
stance. In addition to the meningococcus it also stimulates the growth 
of B typhosus, the pneumococcus, B coll communis, and other 
pathogenic organisms.** 

Pacini and Russell assert the presence of a growth -promoting sub- 
stances in cultures of typhoid bacilli.'" It has long been recoG^iized 
that in certain infectious disen^'c?', lE^o^ih is induced :ij)parently by 
the infection. In typhoid fever, lor oxuinpie, the patient may grow 
from one to even several inches in heigiit. It is now shown that the 
fat and protein-free extract of typhoid bacilli contains a vitamin wlilcli 
when added to the food causes rapid growth of rato oo a diet on which 
otherwise they gradually lose weight and die. The extract gives the 
blue color with Folln's uric add regeant which is given by vitamin- 
containing extracts prepared from yeast and other souross. Pacini 

M Davis, 3. Infect. Dis. sx, 882, 1917; 93. 348, 1018; J. Am. Med. Aml 77, 
688, 

«9 See also Fildes, Brit. J. Exper. Path, a, Ifi, 1921 ; Thjotta and Avery, 
J. Exp. Med. 34, 97, 1921 ; Rivers, Bull. Johns Hopkins Hoq;>. 3a, 202« 1921. 

S6 |;)a,vis, loc. ciL, ako J. Infect. Dis. 4, 7^, 1907. 

t Uoyd, J. Path. BiMt n, 118, 1916. 

M Cole and Lloyd, lb . ^1, 267 inifl. 

Shearer, Lancet 1917, 1, ;VJ. The presence of an ftcce«5iory food factor in 
till wiml secretion and its Action on the growth of the meningocooGua and other 
patiiogemc bacteria. (Preliminaiy paper). 

M padol and Rssica J. BmI. Gbem. S4* ^ IMA. 
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and Wright indicate the bearing of these results on the question of 

a more scientific method of feeding in the«e cnses. 

A study of vitamins utilizrible in the culture of bacteria, especially 
wit.h respect to the bacillus of inlluenza (B. de Pfeiflferi, ha? bren 
made by Agulhon and Legroux." The favoring action of blood, 
serum, ascitic fluid, etc., upon bacterial cultures is accounted for by 
the presence of vitamins of growtli in these liquids and not by the 
introduction of iatact albumin into the cultures. To prepare extracts 
of blood rich in vitamins tlie defibrinated blood was precipitated with 
four volunm of abcoluto alcohol which was allowed to lan&in in con- 
tact 30 mimitea and then removed by the centrifuge or filter. The 
precipitate wae taken up with a vdnme of phyuological ealine wdu- 
tion equal to that of the alcohol used, allowed contact for one hour 
with agitation, then filtered or oentrifuged. These opmtione were 
made aseptically or the solution was passed throu^ the Chamberland 
F bougie. The solution thus obtained was nearly colorless and waa 
rich in vitamins. In a second method the defibrinated blood was 
treated with four volumes physiological saline solution, heated 15 
minutes on the water bath at 80° with frequent agitation, and filtered 
or centrifiiged as in the first method. Solutions of vitamins obtained 
by either of these methods, when nddcd to the usual culture media in 
amounts of 5 to 10 per cent, promote the growth of B. de Pfeiffer. 
Even a one per cent solutiun showed positive results. Experiments 
seemed to prove that the vitamins are fixed in the cells and a destruc- 
tion of these elements by alcohol, heat or otherwise, sets them free 
in the aqueous liquid. They are probably insoluble in alcohol. A 
cold alcoholic extract of fredily washed odls wae inactive but when 
made al 80* was slightly active. Cold or warm acetone exfcraefcif were 
inaeiim Heating at 80* in the presence of alcohol or acetone fol- 
lowed by dedcoation at a lower temperature did not destroy the yita- 
mine, as they could be extracted with water from the powders thus 
obiabied. Aqueous solutions of vitamins lose a part of their activity 
by heatmg 15 minutes at 90**. This activity is more peiastent if the 
vitamins are in a gdoee medium, when a decrease is noted at 100* 
and total disappearance at 120°.»* 

McLeod and Wyon*' attempted to investigate the relations be- 
tween vitamins and bacterial gro^;v-th, with a view to the use of this 
as an index of the presence of vitamins. The medium used was a 
phoq;)hate agar, to which various extracts and chemical substances 

n Cm^L rand. 167, 807, 1018. 

" Chem. Abs. 1919, 855. 

*• McLeod and Wyon, J. Path. BmL S4, 206, 1921. 
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were added. Especially striking results were obtained with kidney 
extract, minute umuuuts of which were effective in a manner sug- 
gestive of vitamin activity. A comparison of the chemical and physi- 
eal properties of tbe stai^yloeoeeus^fltimtilaiit from yeast with thoee 
of vttamin B revealed aerioiis diecrepancieB^** The growth-promoting 
power of fresh blood or serum does not bear any definite ration lo 
the known vitamin content. Heating a serum partially destroys its 
growth-promoting power for the pneumococcus but not for the 
meningocooeus. 

M See alio Funk and Dubin, J. BioL CShem. 481 ^ 1991. 



Digitized by Google 



890 



YJTAL FAGTOBB OF FOODS 




■S 
o 



< 



o 




. »— I O a) 

0) 

3 O 0) fc. ^ 

5 O n) 0} g 

J I— < o ^ , 



I • 



. o 

3 

_ in 
> 



a 
o 



^ £-3 
a «J 



o 
o 
tc 



o 



d 



o 

♦-J 



gf Sf s; Jf 




fi .e ^ -6 -e -fi -e . 

oa>50>ir:"2 oS? oP* 
Xr-»— X ^ XiM Xo Xr>. 

' -7 C^' — ■'T "V, ^ ■ ■ ■ " 



Vj ■ - 'X - 

o o n 



6 






d 
o 



lit * 



O 9 2 08 ». 
o *»- — ^ 



So 



O 01 = .^ OJ 

111 a 6| 



T2 

93 



sS-- _ Q w 

0) 4j 



O ' 




'V u k X 



c:« CM 
O to T ^ 

^ ^ 



a" 

* 

1 



1 




Digitized by Google 




I 




•8 



4> • .i .4 ^^^^ ^-2 f • PT3 /O., 



i 



a 



jf :^ 61^ !s Ig 




li 



If §s3 

J f:if IS 1 





I ki ^-1 ^^^^^ 4 s s s . 

.sl.seaa iiiii.aiSfe |=|§|g|S 




Digitizoa by C 



823 



VITAL FACTORS OF FOODS 



•5 



I 



S o 



• o g 

S So 

=3 



i 




d 

0 


1 




1 


•9 








« 


1 ^ 


i 


1 


Q 0 




juttei 


* ?^ 


o -X 

II 


3s than I 


1 § 

c ** 

S OS 


liet iodi 
; from 1 


, but lei 


in restc 
king A. 
butter-f 



a 



I I 

0 o 

1 3 




I 

i3 



".a a 



silij 



I 



•a 



a 

Q. 





5 8 

a a a 

<U ti 9i 

6 6 6 



.2 :§ 2 

PP PQ 



eg 



a 
« 



Q 
a 

eij 



T3 

5oi — So 
^ ^ o cs ^ ^ 

a <S a 



i 

a 

•111 
•§ I 

•a i i 

>^ >i 

a» 0) « 

•§ 

i>9 t2 13 



Digitized by Google 



APPENDIX 



323 



a 



U (J 

<U V CI 

III 
§ s § 



Si s 



73 

2 



s 

• mm 

•a 

4> 



1 1 1 

i i X 



3 



o N o 



-3 

3 

8 . 

a X a 

MOW 



m 9^ m 

wm 

^ ^ t 

. 

?4 d d fl 



. o 



:3 :3 

c3 p3 



8 



■ aS2 §2 a* 

"S iS |S |55 



1-1 

s 



O 

2 



s 

;3 



s 

s 



I 

<5 m 



o 
0* 



§ 

a 
a 



OS 



0) 

S 



«> 

a 



0) 

«3 



■3 



-a 
O 

"3 



«>3 



I 



a 
o 



0) 



I 1 



S R :§ 8 



a 



o 



tn 



» 4" 



Is 

o 

a^- 
a^ 

00 

o v 



03 

Q 
a 



.a 
fl 



§ 3 



o 



a 
-< 

s 

'A 



£ 



? K I 



o 

a 
a 

CO 



g 



'■^ 



§3i 

"o -"5 



a 

o 

^ a 
s a 

o t;2 

lis 



o Ml 

a-rg 



O SJ CJ 

2 A 



3" 3 



0) 

c 



J 
3 

a 



I 



a) 

a 



3 
CQ 



9 




•3 

I 3 




. kj .i^od by Google 



VITAL rACTOBS OF lOODS 



§ II 1-3 
f Ma 





Digitized by Google 



APPENDIX 



325 



•2 3 .-n >< 




(i> o-a 



1 1 




3 V 2 § _; 



8 S u'cx O V 



^ o § s « 
8 a-2-s 



*^ eS 
So* 



o 



Q 3 



8gd3'-°.|gasS^"gs 



11 



o s 

2 S " - 



o 

3- 




9 

I 



I 



I 

s . 

I- 

1= 



1^ 



to 



Hi - . 

> 




6 6 



SI 




I 

0 




J} 



Digitized by Google 



VITAL FACTORS OF FOODS 




2 e 



ft) o " 

Is-- 



s 



5< sis d i. 

If- si! 

o <^ r- X 9SJ3 

W ft) ^ 
O ft> .» o 

^,^.5 o = 3 



I 

8 



3 

2 



S 8 



E 



•= CO 



iS :■ 2 



Mm 



ft a. 

O o o 



k4 
< 







1 










t 




S 


tit 








a 

rt 


1 











'a s 




o o 



1 



1 

S 



^1 



c 

♦» 3 o*' . 0) 

E c 



o 

% 

o 
a 



5 ^ 



o. Si's o 



o 
c E 

<A < 



E 

a; 



11 ^ 
a - 
as 



61 



.si 

a 

o 

u O 

o 



1^^ 

Til 



^1 



I" 



2 

111 

ak§ 

^ 0. -iS > 
3 N ea — 

5 E 
" ''•i: .5 o 

c 



« «h «» » 

PI 



a 

o 



o o 



I I 



a 



L r" G S 8 —? S -J 



•a «8 

8 I 

Si S^rr: .a 

O O D O a 



I 



8 



Digitized by Googlc 



APPENDIX 



327 




1^1 

an -rs 

as ^ 

O V o - o 
Of. OS 
«U «jS 

ass 



a"6 



ass 



18 



•3 



1 

a 



- G i 



5l 



3 



:9 
EC 



o o ^ 

" I 



^ > a 
» d 



« ** .Si - 



(1) 00 r: ^ 1 



•2 o 



i.S 



— 2 5J 
o <■ 

|S.| 

2 



i s 

^ IS 

a i 

•ps a 



H a 



C I 



i35 a 



2 a" 
« I 

* 1 

a 

do 



■3 

I 

li 



-a 

(3 



CO 



a 
9 



=1 = =3 . 

- o o ©2 

a a 



1 



a <5 




a. -3 



i 

a 

JO 



I 

» o 



I 



f 



Digitized by Google 



VITAL FACTOBS OF F0OB8 

go a 

li 

i: 




E H a 

0) a> Q) 

6 6 6 



C 



' ^ ^ 12 •-' 

.2 ,"3 ^ja 

~ '/■. r, /. 



O 



& 

H 
O 

S 

CO 



♦J 

QQ 



0> Oi O) 

S § S ^ S 
00 CQ 



4) 



lis 









§ i 


• 

a 


« 


6 6 

• • 


« 
6 

• 


• 




Biol 


n 


■ • 




•-» 


1 ^ 

0 0 


1 


1 

0 




«4 


•a 

o 
•< 



2 ^ 
£ o 



o 



U3 



& 



03 a 

;jO» v05 yOS yO 

Qi— I o*^ O*"" O""* 

.0 _ 
C— < C — 

00 <uo «o 00 

<ViO ViD OiO OtO 

-t-^ -^-^ 

QQ GO QQ QQ 



1 S - -^ 
_ro6 c - 5 

!? OS o c C 

2 S SS iyo uf^ 
OqQQQ CQ OB 



00 



* — * 

■8 



1 ii r 



be 



on 00 
o 



n 



Digitized by Google 



APFENDDC 



II 




9 9 g 



«5 I If 



a a 
6 6 



a 



g o 



oil 



S .2 

a-g*^ 

.•^ So 



a 



=1 

13 
€3 

•a 

£2 



o 

tT 

a 
o 

a 
a 

s 

Q 



a 

O 



a 

•a 

3 
O 

.-3 

Is 



2 



<5 



V, 



O' 



I 



as 



13 

3 J 



8 S 
•g -a 



ea 



a 

o 

S 



o 



8 



-8 

a 

o 



• * 

a a 



4 



a -3 
P.SPQ 



?3 I 

i 



03 , 



o 



^ — CO 



S eg 



s 



5 

s 

a; 

(l4 



O •q 

<| I 

2 ll 



c .a 



4^ 



•Si 



I 



VITAL FACT0B8 OF FOODS 




& 

Q 



S 




I 



o 
eg 



l3 >^ 

I.S 



T3 



I 

3 



•1^ 
111 

§ C o 
a 4> S 

.a a I 



a 

OS 

Q a 

o 



^ f 

-<->••-> ^ .X 
O 5 «-* 

ill i 

a 



on 



Ills 



•a 



I 



"62 



55 Ph ^- J — • 



a. 



.CB S 5 c 



s 



o 

a 



Ate 



sr. 



a 



.9 <3 
«« 

Su- 
fi's 

ai 

II 



ft .>opi 



M 

o 



III 



Digitized by Google 



AFPENDIX 



331 




11 




eJ "3 'a'S'S o o ** w - 



g g o 

- ~ 01 a; 2 

c o 3 « 




i 



t: § 



8 



O _ 



I 




8'i 



Ilia 

d «{ <s c» t5i3iaw» 

aoS*^ 

J* escassaasoga- 
•H -oTT-rr-o-c g fl S 



o o 000003 P-aQ o o o 




a 

S. 00 . DO W 

3 <D O *^ 



S3 



•3 

0) 




6fi 



2.2-c:h«.? 

^-2 



I 



o > o 

■•5 2 I 



s 



-a o 

73 >» 

O 



3 




Digitized by Google 



332 



VITAL FACTORS OF FOODS 



i 



O 3 



• O 



C ~ " 




1 2 « 2 i 

. ^ © « « 

S o o 

:s s fc' i £ 

^ O, Q, Cm 

3% OOP 



• O) A OS 

2 S»c»S 

0> 



J5 .. 



t3 o o o 

r-4 *-t >-4 

Ss SI 



n 



dad 
o o o 

ass 
& a € s 




Ok 



3 



s 

0 



J III d'^^ 



.-a 
— c 

CD 



H 
O 

o 




W • !■« ^ 

Z ^% P-3 



C4 



Si 



C4 



26 1 



8£ 



©•tJ CO 



cfo 



> <■>) 

u a 

6m 



j2 
«> 

a 



o 

n 



s 

.s 



C*2 >. 



8 



2 

as 



•S -3 
I 

? C~ P 

^ E S 

2 c h~ 
„ c 



I 



-= c; O O 



25 



6 



o 

« 



ft, » r' 

-I 




a 

^1 



00 



.2 o 
t S 

is 



C/3 

o 



o 5 



S 



Digitized by Google 



AFFENDDC 



833 




Digitized by Google 



834 



VITAL FACTORS OF FOODS 



i 

•c 

«9 

a 




0-3 



a 

„ C 85 J; ^ fl 



'"3 



o 



^ S fc^ « « 



a o 



.1^ 
^ c 

•S S 



II 

a. 



, o 



I' 



U ^ ^ 

— " >» 




I = 
1 ' 



It* 

a 



-3 



a 



I 



2 85 ^ 

ia O o3 n i> 



«5 s^^j;. 

<»J "a ^ 
lad 2i 5 



-3 
C 

. 00 

1^ 



a & 



a 

Pi 

9 

I 

O 

Pi 

i 



1= AT 

0^2 



a 

-a 
fl 

it-" 



CO Qk 

a 

^ i 
11 




i 

0) 



0) 



So 



« 



s 
s 



a: 

c 



1 

I 



Digitized by Google 



APPENDIX 




Qj 



i H -all 

llM ^ 1 




8 
•3 

s 



" a 

.a 

U 



2 oo-C"^ 1 



t 



i 

i I 



'^1 
1^ * 



I 



O P4 




Digitized by Googlc 



VITAL FACT0B8 OF FOODfi 



.a 



c 

•a 



I 

T3 



i 

i i 

I ^ 

ft} £ 

J O 

O - 
o 

■3 ffl 



S 



e 

a> 
1 




I 

1 



I > 5 



t3 

a 

a! . 

§2 § 

— c ^ 

-) ■ 



f I II I 



1 



3. 33 



a 



o (Si 



1*1 

a 



^8 



^2 a 8 

« x= ^. 



Q O IT'S ^ d 



U. bC' 



c '«^ c fl £ 5 
^ bc o 4^ o u:: 

£ e & g g4u 




t 



1 » § 

m a o 




I g 
o o 



n 




^1 

>s >. >^ 
o c c - 

0 0 6 2 



I 



Digitized by Google 



APPENDIX 



337 



I 
U 

{ 

a 

"Si I 

•sail 



Si 



4« 

I 



:2 a 

Q 4) 



•gasp 
a' tf 



I 



60 



8 

a 

d 

o 



«k « » 

§39 



I 1 



!« £2 



c3 MS 



40 



1 



. 00-" _g $ « _^ -r 



1 

li I 1 I 



0 

ea 

is 

US 



as 

W 00 



I 



XI 
0 

3 
I 

CO 



a 

u 



i 

s 

I. 

iS2 



IS 



11 



to 



of 

•-» 

1 



52= I 



o 



1 



a 
6 



^ Sio 5 

S 2 £ii3 ?2 



g 

ee 
CI 



.9 



•§§ 8 



» 1$ 

!3 ^ 



Q ^ 



•5 
5 



S ^3: 

I § § 



I 



§ S a 

i § I 

•o 

a o c 

S - ea ea . 



Digitized by Google 



VITAL FACrOfiS OF FOODS 



t 

a 



CO 
Q 

H 

09 



00 



8 




Digitized by Google 



AFFENDIX 




«5 § 
« ^ 



. 08*3 

■H as V • 



3" 




H 



I 




CiQ ^ > 



1 


icat 






ole 


ole 








4« 

I 



I J 



QJ 



.3 



i 0 £ 



CO 

H 
O 
O 
M 



Digitized by Google 



yVTAL FACTQBS W VCKHM 




1 

.a 

i 



■» Ik 

2 8 



Ok bfi 

2 M 



a 

0) 



I 



OQ U OQ 



^ § § 

^ sffl a 

o . o 

•ss.a 



2 o „ 

. o c 

«JI 

eS fi B 



a 

•a 

'3 
c 

o 



■c 

0) 

a 
•J 

§ 



-a 

U3 



I i 

00 



O 

a 



5 
•3 



^ 9. 

•IN 
III 



6fl 

n 



9 




S O 



a 

o 

a 

> 

8 

o. 

a 

o eg o 

c 

^ a 
4) « «a * 

Si « 

- o • 

k— 3 I-. W 

. o c 
o 




III 



I 



J 



»4 



04 



Digitized by Google 



APPENDIX 



341 




9 



9 

» 



6 S 



•S ^ . 



I 

t3 



I 



If 




I 

O 

a 

o 
9- 

EC 



•s 

a 



o 



a 





o 

s 

c 

o 



«1 

i' 



a 

i 

s 

e 

o 



I 

8 



t3 
at 



P4 



■g 




I 



3 

I I 



Digitized by Google 



342 



YXTAL FACTOBS OF FOODS 




22 o 



•2 -3 " 



< < 



o 
d 

i 

o 



CO 



9~ 9 ^' 9* 




o 



i i 

6 6 



o 
• ^ 



"3 "3 



s 



•4U 



o 
•a 



o 

•a 



5 5 

I e 

o o 



i 



"3 



s 



05- 
•6— 3 E 

-■3 



o o 



o 

fiCi 



s| i| 

o *> . o o 



S * 3 2 

='■=1 



rM l-H W 



3 



o o 

US 



to 



I I I I 



5 
I 



p. 



I ^ : 



6 



19 



Digitized by Google 



APPENDIX 



343 




•9 
I 



o a b 4 O > 



as s 



8 ^"8r§''2 g 



9 99 






S"i||l 

Pile 



o 



03 

'o ■ 

u 



S « ^ 

•c, ^ 

til 



a a 2 s 

» H U 



00 ( 

ox 



! 



eaEjq CO 



SIS 




s 



as 



^ u O) 

^ o o n 
o» -t^ 



§0359 
OS * > . 



Digitized by Google 



VITAL FACTOBS OF FOODS 



1 



s 



o c 



w q> C 
.2 g-o 

a 



a 
o 
o 

a 
•3 



1 



3 

-a 

.a 



J3 O. 

& <a 

2 Li O 



>f5 

®2 



oca; 



8 2gf 



I 

I 



3 



•3 



•9 1 1 

§4) 

O I 

I 1 ^ 



Q n 



7?- * 





2? S Zi 

161 I 



T3 



^ - O 

O a 3 »0 



^1 

si 

3 a 



a 



« 915 U-B 
>v 9* 

4> O 




Mi fa 

a ► . « 

illil 



Digitized by Google 



3*6 



4 



- o 

OSS 



11 

s4 



6 



s 



3 




s i 



Ci OS sr. X 



a 



g 



n 



s a a M 

V 4> V 5 

^ .'s .'s ^ 



00 



-4* ^ 

a b 



:s o 
CO a 

a«5 



u 

a 



I 

a* 

1 



-CO 

.3 «g 



O aj 



2 



9 S a 

O O O a, 
^ 



'3? 



0-3 



U » 



fi 

3 



.3: 



^ o a . 



I a 



imm 



If 

a' 



I i 



1-9 

1| 



o 



3 



4> 

C 



*3 



I 

3 




3} V 

a' 



9 



4) 
> 



o 

X 5 o 

;3-S . a! 



In. 



-3 
53 



■X3 

a 2 « 

.as 



o c Si 
^ =^ £ 



*c2 ^ 



.a 



-»3 

0) 



1-^ 



S 

6 



- a 



? 3 5 . .2 



M 00 



900 

ns 



1 



cr . ^ 



I 

flOO 
4) 2 



s 

■7? <9 



I 



■3 



I 

I 



a) 



Sj4 ^ 

6 t" o 



Digitized by Google 



346 VITAL FACIOBS OF FOQDB 




I 



09 

O 



to 



Digitized by Google 



APPENDIX 



8i7 



•I 



CO 

H 

o 

CO 



o 

ca 



.1 



I 

1 



> S 

Si 



ill 




« t5 5^ :5 



8f 



00 

a* 



i If 



■9 -8 



8^ 



1 11. i 



S 



1 



floo g 

3- I 



"3 
.5 



I 



O O 

a 

0) <L> 

33 



I! 



* 1 1 



s 

.£3 

o 

o 

a 



if if -{f 

3 3 3 

111 

ta =3 

^ ^ ^ 

g a a § 

^ ^ ^ g 



111 

O Q O 

» § & 



1 



s 



« s. ^ 

s ! 



0) 



c» 



I 

is 

Its' 



Digitized by Google 



VITAL FACIOBS OF FOODS 



•-I -jp V CO 



XA 
M 
CO 
EO 



O 

Q 



I V 

1^ 



1 



i 

3 

•s 



o s: ° ri 2 £ oT30 JO 



o = « ^ 




a 



a 

8 
•c 



> 

I 

8 
g 

t 

& 

o 



«a c ^ S « Pufe « c 

I -I 



«> 

a 



CO 

H 

n 

si 

H g 
> eg 

3 I 



CO 

Q 

CO 



CO 

o 





fc. r ^" 



^-S 2"^ 8^ 
* * £ 



9 

I 



•3 o" 

- I .-: 

S'^ g 



BOO -7r fl 




0) &a Q. 

M OOOQ 



o 

•g 



T3 

a 



a 




Digitized by Google 



APPENDIX 



o 



a 

o 

1 



i 
I 



.2 o 



a. 



.a t3 c 



s 



* . 

a § 

^ S> 



I— I 




-S ?i ff ~ o 

< Cf n 

a !• I 



o 



i-st, o CO a a 

s .a -2 ---^ 

gf* o 3 o • 

2 2^ a , 
" £■ .— 

;aU «23 o J«J 

0 6 2 



o 
S5 

m 



4> 



o 



"2 



S 



B 



a 
«> 



6 6 



S S 

1 1 

«S 5 J3 
O — O 



►3 §^ 

iff 



a 

S 

"a* 

CD 

s 

oT 



lis- 



I 



C3) 



i 
1 



8 

If 



CO 



■ 

3 



s 



1^ ^ 

<2n 




•2 




Digitized by Google 



360 



VITAL FACIOBS OF fOQDS 



i 

i 




B«iS, 



ii ill 

■3 o i 0 .3 



is 31 




i.-^ a-2 1^ 



I lis a 

S S o a 

Ifii 



a 

1 

99 



t-i w 

2 • 




II g 
II 



6 



3 J< -«: <*> 



CO 

H 
O 

o 

< 

tn 

H 

n 

g 



1 



'I 



1 

o 



2 

I 



1 

I 



I 



GO 



Digitized by Google 



APPENDIX 



851 



a 
o 



> 

I 



c a 

_o o o o 

-CS .t^ v> 

o w C) e 

2 2 2| 

C C G 



to 

f 

i 
1 

I 



§ 

O 



J3 
O 

U 



? 3 S 



11^ 



I 



9 S 

it* ill 



>2 > 
o b 



1 




91 



CO 



1 1 



"3 S 



•o 

S 



1 

a 

«> 

I 

O 

o 



1^ 



I 



Q . 

;g {I? (g g 

^1 Is I 

Dm 6 m 




6 



i 



I 2 

gl s 



> coo 

or, - -n 
Peg »S 



a 



1^ 



0) 



8 



0»_l <-I ^ 

11 s I 



• « 



o3 

a. 



-|3 

« 0) S 0) Q 




CO 



i 



I 



t 1 
II 



•CT3 



Digitized by Google 



362 



VITAL FACrOBS OF FOODS 



111 II 



T ^' o'oS 

^ w ^ 




X Si 6* O 5 3 




Digitized by Googlc 




Digitized by Google 



INDEX OF AUTHORS 



Abderhalden, 56, 174, 215 
Abels, 219, 225 
Ackerson, 271 
Ackroyd, 5fi 
Agtilhon, 31S 
Alcastre, US 
Alcncastre, Ufi 
Allbut, IM 
AUftmann, 274 

AUen, 163, 169, 171. 173. 185, 207. 

AOosandriiii, 24Z 

Amand, 43^ 312 
Anderson, 103. 218. 279. 
Andrews, 202, 220, 277, 2&3 
Anrep, 122 
Appleton, 241 
Annstrong, 1S6 
Arnold, 252 
Aulde, 247 
Avery, 212 

B*boock,22i 

Babee, 2i2 

Bacharach, 271, 291 

Bachman, 187^ 292 

Baohmann, 36, 39, 31i 

Bachstrom, 232 

Baly, 23Q 

Bang, 278 

Barbe, 206, 200 

Barlow, 219. 298. 345 

Barnes, 86, ^4, 270, 277, M3, »4, 290, 

298. 346, 348, 353 
Bamett, 92 
Barr, 309 
Barton, 293, 298 
Basch, 193 
Baaa, 205, 339 

Bassett-Smith, 103, 108, 144^ 351 
Beebe, 181 
Beger, 56 
Behr, 223 



Benedict, 82. 98. 131. 151. 161. 309. 

329, 340, 341. 351 
Bergeim, 157, 305. 343. 353 
Bergheim, 148, 181, 329 
Besssonoff, 135, 350 
Bidaiilt, 103 
Bicrman, 182 
Bierry, IfiQ 

Bieater, 86, 88, 344, 345 
Bigland, 169, 170. 258 
Bland-Sutton, IM. 
Bloch, 235, 296 
Bloombergh, 205 
Bloaaer, 247 

Bogei, 173^ laa 

Bolton, 21 
Bonar, 199 
Bordoni, 247 
Bory, 2fiQ 
Boeshanl, 132 
Boeworth, 263, 297 

Boutwell, 34, 63^67,70,76,76,91^92, 
94t 112j 136, ^ »8, 307, 326, 

BowetB. 144, 352 
Boyd. 244, 249. 257 
Braddon.31. 95. 180. 205. 210 
Brandt, 218 
Bravetta, 25S 
Breinl, 209 
Brennemann, 280 
Brewster, 32 
Brill, 96, 116, US 
Buckner, 50 

Buell, 67, 69, 76, 76, 92, 94, 113 
BuUey, 237, 238 
Byfield, 296, 342 

Cajori, 342, 343 

CampbeU, 33, 85, 93, 94, 99, 100, 102. 

134. 228, 348 
Carbone, 247 
Cartier, 212 



356 



INDEX OF AUTHORS 



Caspari, 15, 2m 
Cave, Ififi 

CazzamalU, 2iZ 
Cessna, 43, 211 

Chamberlain, US, 117, 132, 160, 205, 

214. 337. 340, 343 
Charles, 353 
Cheadle, IM 

Chick, 18,34,78,82,^,84, 85, 88, 
89t 94, 95, 96, 98, 99, 100, 102, 150, 
151. 162, 155, 156, 164, 221, 232. 
237, 254, 257. 259. 269. 284. 288. 

298. 306, 307, 309, 326, 327, 33L 
332. 333, 334, 335, 336, 337, 338, 

339. 340, 341, 344, 345, 347. 348. 
349, 350, 351, 352, 353 

Chittenden, 253, 256, 2fiZ 
Clair, 210 

Clark, 151, ^ 207, 2^, 234, 336, 

340, 343 
Clarke, aii 
Clementi, 253, 257 
Clement Luoaa, 
Cluset, 348 

Cohen, 25, 100, 106, 158, 221, 222, 226, 
345, 346, 347. 348, 349. 351, 352, 3^ 
Cole, 100, 220, 22^ 317, 342 
Comby, 2ia 

Comrie, 88, 270, 344, 346, 348, 349 
Comvie, 84 

Concepcion, 150, 151, 158, 236, 269. 

299, 327, 332, 33Z 
ConkJin, 270, 2^ 
Cook, 84 

Cooper, 13, 3L 53, 56, 82, 115, 116, 
117, 121. 128, 130, 131, 132, 138, 
162, 153, 155, 160, 164, 180, 205. 
ail. 269. 330. 331. 332. 333. 335. 
887.343 

Copland, 224 

CoiBon-White, 181 

Coutts, ^ 2S7 

Couiien, ^4, 2111 

Coward, 24. 57. 58. 66, 67. 70, 71. 74. 

76, 78, 90, 94, 322, 324, 329 
Cowgill, 172 
Cox, 205 

Cramer, 71, 180, 1S3 
Crawford, 32 
CroweU, 205, 337 
Curatolo, 333 



Curran, 86. 270. 301, 345. 348 
Csemy, ^ 

Dahle, 86, 276. 277 
DalyeU, 192, 232^ 306, 309 
Damon, IfiQ 

Daniels. 56. 69. 98. 120. 121. 157. 158. 

278. 281, 282, 283 , 287, 296, 322. 

323, 326. 329, 335, 342, 343 
Darling, 22Q 
Daas, 148 

Davey, 103, 108, 222 

Davidaohn, 193, 31D 

Davis, 3,12,;3,15,16,23,26,28,30, 
32,35,46,47,48,56,57,61,63, 
64, B3. 84, 85. 86, 89, 90, 95. 96. 97. 
UL 112, 113, 114, US, 116, 150, 
151, 154, 157, 158, 162, 164. 168, 
210, 213. 269, 280, 290. 317, 320. 
321. 322. 323, 324 , 326, 327, 332. 
333. 335, 337, 338. 340, 341, 342. 
346, 347, 348, 349, 350, 351, 353 

Dawson, 245 

Dean, 278 

Degrez, ISO 

De Korte, 173 

De Lacerda. 207 

De Langen, 202 

Delf , 84, 92, ??, 100, 101^ 103, 106, 133, 
134, 185, 305, 306, 327, 334. 347, 349 
DeMello. 205, 206 
Denis, 131, 261 
Dennis, 262 
Denton, 101, 152 
Devloo, 43, 313 
Dick, 146, 192 
Diesing, 105^ 
Di Mattel, 343 
Doan, 278 
Donaldson, 19, 22 
Douglas, 171, 173. 174. 186. 211 
Drew, 1S3 

Drummond, 4,16,24,25,31,57,68,66, 
67,60,70,71,74,76,78,82,90,91, 
94, 112, 113, 115, 117, 118, 120, 124. 
127, 128. 130. 149, 153, 157. 158, 166, 
167, 169, 173. 174, 175, 179, 180, 
182, 194, 221, 237, 293. 295, 296. 297. 
320, 321, 322, 323, 324. 329, 330, 331, 
332. 333. 337. 3M 

Dubin, 17. 31. 40. 147. 151. 159. 160. 




INDEX OF AUTHORS 



367 



L79. 212, 238. 257, 314. 316, 319. 333. 
336, 338, 343 
Ducaisne, 222 

Dudgeon, 135 

Dutcher, 67, 86, 88i 89, 103^ 104^ 128, 
133, 171, 174, 182, 187, 271. 276. 277. 
279, 284, 343. 344. 345. M&. 

Dyke, 84, 353 

Eckloa, 67, 86, 103, 272, 273, 276, 277, 
279. 284 

Eddy, 17, 39, 42, 82, 116, 118, 131^ 139, 

141, 160,297, 314, 331, 323 
Edie, 122, 130, 179, 337, 339, 343 
Edkins, 186 

Eijkman, 12, 13, 18, 94, 97, 115, 117. 

153. 180, 203, 204, 331 
EUia, 100, 113, 277, 2fll 

Emmett, 36, 43, 44, 95, 96, 97, 98. 118. 

154. 158, 159, 160, 163, 169, 171^ 173. 
185, 207, 237, 238. 239. 267. 281. 314. 
323 

Engel, 192, 223 

Engstrand, 100. 221. 223. 349 

Enright, 25fi 

Esser, 125 

Euler, 314 

Eustis, 130 

Evans, 122, 130, 337, 343 
Ewing, 25, fifi 
Eykman, 155, 156 

Faber, 353 
Fahrion, 113, 335 
Falk, m 
Falta. 7, 8, 234 

Fargier, 205 
Ferguson, 195 

Ferry, 65, 116, 120, 130, 157, 162^ 333. 

33fi 
Fildes,312 

Findlay, 187, 190, 191, 192, 193, 195. 
196. 211. 228 

Fme,2iS 

Fingerling, 2^ 
Fink, 329 
Finkelatein, 279 

Finka, 49, 56, 73. 74, 77. 327, 335. 338. 

342 
Fish, 298, 35Q 
Fisbbaok,152 



Fitch, 164, 21fi 

Fleischmanu, 37 

Fleming, 315 

Fletcher, 204, 214 

Folin, 114, 131, 261 

Forte, 193 

Fox, 88 

Fraenkel, 222 

Fraga, 201, 203, 204 

Francis, 24S 

Frank, 237, 240 

Frankel, 43. 142. 23S 

Eraser, 13, 79, 115, 116, 119, 131^ 153, 

204, 337 
Freedman, 160 
Freiae, 24Q 

FrOlich, 100, 103, 104, 105, 107, 132. 

134. 135, 201, 217, 220, 221, 222, 2^ 

2'2H, 230, 284. 347. 350. 351 
Fulmcr, 43, 314 

Funk, 3, 4,13,14,16,16,17, 25, 28, 

29. 31. 40, 57, 77, 97, 98, 114, 115, 
116, 118. 121. 122, 123. 124. 126. 127. 
128, 130, 131, 139, 151. 152, 153, 159. 
160. 167, 171, 173, 174, 179, 180, 182, 
185. 205. 211. 212. 213. 214. 221. 223. 
238, 256, 257, 280, 314, 316, 319, 333. 
335, 336. 337, 338, 342, 343, 344. 345. 
350,352 
FQrat, 83, 105, 223, 226, 349 

GagHo, 333 

Gams, 140 

Ganassini, 162 

Garrison, 248, 260 

Gerstenberger, 222, 227, 228, 353 

Gibson, 150, 151, 158, 173, 207, 269, 

299, .332,332 
Giorgi, 2M 

Givena, 85, 100, 101. 102, 106, 107, 108, 
109, 134, 135, 144, 147, 222, 224. 248. 
246, 344, 347, 350. 351, 352 

Glisson, 190 

Goldberger, 242. 243. 248. 249, 252, 

253,254, 256, 260 
Golding, 70, 194 
Goldachmidt, 237^ 240 
Goto, 21Q 
Goy.aifi 

Green, 3L 32^ 66i 79t 80, 1^ 326, 336, 
3M 



358 



INDEX OF AUTHORS 



Grfeg, 134, 204. 215, 343 
Grijna, 94, 97, 124. 155. 156 
Grim, 248 

Groas, 20,3L56,63j66.72,73,75,81, 
165. 181. 182, 207. 237. 324. 325. 328. 
334. 335. 340. 341 

Guerrero, ^5, 322 

Haguenea, 218| 223 
Hale, 3^ 
HaD, 104, 133 

Halliburton, 67, 113, 237, 320, 321, 322. 

323. 324 
Halpin, 21,56,207 
Hammersten's, 23 
Hampehire, 2&& 
Hansemann, 195 
Hansen, 6, 21, 23 

Harden, 40, ^4, 108, 118, 128, 129. 

132. 143. 144. 151, 166. 170. 221. 276. 

298,342,3^3^ 
Harley, 87, 223 
Harrie, 246, 256 
Harahaw, 104, 133 

Hart, 15,21,26,32,47,48,56,86, 100. 

104, 207, 265, 272, 277. 284, 286, 290. 

291, 327. 346, 348. 353 
Hartwell, 294 
Hauasler, 187 

Hawk, 148. 149. 157. 181. 263. 305. 311. 

329. 343. 353 
Hawker, 296 
Hawkina, 212 
Heft, ^ 314 
Hef ti, lai 
Hehir, 87 

Henriques, 6. 21. 23 
Henry, 313 

HeiB, 83. 86, 101. 102. 104. 109. 110. 

132. 133. 134. 169. 192. 194. 195. 198. 

218^219, ^ 222, 226, 236. 237. 260. 

274. 276, 277, 284, 285. 286, 290, 293. 

298, 309, 310, 345i 346, 348^ 349, 350, 

361. 352, 353 
Hewlett, 173 
Highet, 214 
Hindhede, 53, 2&4 
Hirota, 202 
Hitchcock, 131 
Hittcher, 268, 283 
HofExnan, 224 



Hofmeiater'a, 7, 125 
Hogan, 56, 63, 2S1 
Holm, 182 

Hoist, 95, 9L 100, 103, 105. 107, 132. 

134. 135. 155. 156, 201, 217. 220. 221. 

222, 223. 228. 230. 338. 339. 343, 344. 

345. 347. 350. 351 
Holt, 194i 27fl 

Hopkins, 3,6,10,n,lit23, 24, 29i 
34. 56, 70, 91. 94. 151, 175, 185. 186, 
209, 237. 238. 269. 276. 288. 299. 309. 
332, 344, 34fi 

Horbacxevaki, 247 

Hort, 279 

Howard, 194^ 229 

Howe, 1Z8 

Howland, 1S9 

Huessy, 311 

Hughes, IM 

Hulahoff, 215 

Hume, 18,26i34i78,M,83,85,86,88, 

89, 95, 96, 98, 99, 104, 150, 151^ 152^ 
155, 156, 164, 165, 221. 254. 257. 259. 
269, 270. 277. 283, 284, 286, 290. 298. 
307, 331, 332, 333, 334. 335. 336, 
337, 338, 339, 340, 341, 344. 345, 346, 
347, 348, 349, 350, 351. 352. 353 

Humphrey, 26, 32, 48, 265 

Hunter, ^38, 245, 246^ 25fi 

Huynen, 193 

Ide, 313 
Igaravidez, 205, 
Ingier, 22Q 
Ingvaldaen, 229 
laume, 210 



Jackson, 87. 222. 223. 224. 345 
Jacob, T 

Janaen, 143, 216, 323 
JeUiffe, 179. 201, m 
Jephoott, 271^ 291 
Jobling, 248 
Johansen, 87 

Johns, 49, 66, 73, 74, 77, 32L 329, 335, 

338.342 
Johnson, 42, 214 
Johnston, 209,21Q 
Jones, 254 

Jutt-Hatmaker, 104. 286. 290. 291 



INDEX OF AUTHORS 



359 



Kaoliang, 12A 

Karr, g6. 176. 177. 180. 184. 207. 208. 
22fi 

Kassowita, 195 
Kastle, 56 
KeetoD, IM 
Keller, 235 
Kempatcr, 2fi 

Kennedy, 16.62. 63. 67. 76, 77, 115. 117, 
151. 153. 162. 165. 276. 332. 334. 330. 

m 

Kent. 20. 34. 56. 63. 67. 70. 91. 165. 207. 

237. 326. 335 
Kilbourne, 205 
Kimura, 124 
Klose, m 
Knapp,^ 
KnowlcB, 311 
Koch, 186^ 193 
Koga, 345, 348, 351. 352 
Kohman, 101. 157. 170 
Kohn, 274 
Koning, 273, 274 

Labbe, 218, 223 
La Cellule, 4a 

Laeger, 53 

Lake, 18, 78, 79, 110, 150, 156, 158, 207. 

208. 330. 335. 336. 338. 339. 344 
Lamb. 234. 238 

Lamer, 33. 100. 102. Ill, 134, 228 
Lane-Claypon, 262, 263, 264, 268, 270. 

272, 273, 274. 281. 287. 288. 229 
Langstein, Ifll 
Lapicque, 
Lassabliere, 295 
Lavinder, 248 
Leavenworth, 120 
Lebredo, 210 
L^Toiuc, 318 
Levy, 41 

I^wiB, 83, 226, 245, 246, 351 
Liebig, 313 
Lienaux, 193 
Lind, 83, 86, 229 
Linossier, 316 
LitUe, 201. 205, 214 
Lloyd's, 40, 118. 139. 311 
Loeb, 82,341 
Loew, 59 
Lor^is, 248 



LougUin, 56. 69. 278. 281. 283. 287. 

296. 322, 323. 329, 342. 343 
Loundro, 205. 206 

Luckett, 14, 18, 29^ 63 
Lumiere, 164, 184, 315 
Lunin, 2, 6 

Luroe, 95. 96. 97. 98. 154. 158. 267. 281. 

323 
Lux, 186 
Lyle, 3L 212 

Macallum, 14. 25. 28. 57. 97. 114. 130. 
131. 152. 153. 211. 212> 388. 280. 344 

MacDonald, 43, 314 

Mackay, 163, 194, 196, Iflfi 

Macomber, 174 

Macy, 109, 144, 147, 361^ 352 

Madsen, 169, 124 

Mancini, 162 

Mangkocwmoto, 216 

Marfan, 193 

Marsh, 261 

Mathews, 186, 2^ 

Matti, 193 

Mattill, 174, 270. 288 
Mayer, 170, 313 

McArthur, 14, 18, 29, 63 
McCann, 169, 237 

McCarrison, 164, 169^ 170, 17L 172, 

173, 174, 177^ 178, 179, 181i IMi 188. 

205, 207. 209. 292, 309, 310. 311 
McCaskey, 31, 212 

McClendon, 100, 133, 137, 144, 146. 147. 

149. 220. 223. 349. 352 
McClugage, 85, 101, 102, 107, 108, 109, 

134, 135, 344,350, 351, 352 
McClurg, 98, 120, 121, 157, 158 
McCoUum, 3^7,8,12,13,15,16,19, 
20,21^^23, 26,28,31,32,41,42, 
43,46,47,48,49,50,51^62,53,64, 
55,56,57,61^63, 64,65, 66, 73, 74j 
77, 78, 82, 90. 93. 95. 97, 98, 111. 112. 
113. 114. 115. 116, 117. 118, 119. 129. 

150. 151, 153, 154. 157, 158, 160, 162, 
163, 164, 165, 166, 168, 177, 181, 183, 
186. 195. 199. 207. 210. 213. 220, 222, 
225. 226. 234. 239. 240. 241. 257. 259. 
264. 266, 269, 272, 275, 276, 280. 293. 
294. 303. 304. 307. 314. 320, 321. 322. 
323. 324. 325. 326. 327. 328. 332. 333. 
334. 335. 336. 337. 338. 340. 341 



i 



INDEX OF AUTHORS 



360 

McGutn, IQZ 
MoKim, 118, IM 

McLeod, 318 
McNab, 353 

McNeal, 247. 248. 253, 2gQ 

Mead, 86. 276. 221 

Medes, IQQ 

Meigs, 2&1 

Mellanby, 168, 177. 178. 194. 195. 196. 
197, 198. 222 

Mendel, 3^7,8,10,1L12,13,15|17. 
21,22,23,24^25,27,30,31^32,34, 
38,48,49^54^55,56,57,58^ 59, 60, 
61,62,64,71,72,73,77,78,80,81^ 
82. 90. 91. 92. 93. 97. Ill, 112. 114. 
115. 119. 136. 137. 150, 151, 153. 157. 
158, 162, 164, 166. 167. 168, 171, 175, 
176, 179, 186, 194, 22^ 2^ 236, 237, 
238, 239,240,256, 266, 268. 269, 270. 
276, 297, 320, 321, 322, 323, 324, 325, 
326. 328, 320, 330, 331, 332, 333. 334. 
335. 336. 338, 339. 340. 341, 342.344. 
345, 346. 347, 348. 349. 352. 353 

Menzies, HQ 

Merrell-Soule, 147, 287, 2QQ 
Mewer, 191 

Meyers, 245 

Michel, 97, IM 

Middlekauf, 100, 221, 223, 349 

Miles, m 

Miller, 32, ^ 95. 96. 120. 160, 190 
MilJon, 60 
Minot, 261, 2fi2 
Mircoli, 193 

MitcheU, 23. 25. 56. 60. 61. 62. 63. 152. 

153 

Miura, 68, 134 
Monrad, 235 
Moody. 224 

Moore. 122, 130. 222. 337. 343. 345 
Morgan, 56 
Morikawa. 219 
Momer, ^ 
Mori, 23& 
Mortram, 183 
Moekowski, 210, 211 
Moszkowski, 15 

Mouriquand, 84, 96, 97^ 156, 205, 208. 

348,349 
MousBu, 1S3 
MuekenfuBs, 333 



Munk, fiQ 
Munaon. 350. 3fi2 
Muriin,24fi 

Myere, 49, TO, 79, 80, 96, 116, 117, 118, 
126, 130, 132, 150. 186, 256, 313. 327. 
330. 335. 336. 338. 339. 344 

NageU. 35, 39, 40, 313 

Naish, 288 
Nansen, 87 
NeiU. 138i 256 

Nelfwn. 23. 43. 60. 61. 62. 63. 75. 94. 234. 

238. 314 
Nepveux, 218, 22^ 
Neumann, 
Neuaaer, 24Z 
Neville, IL 151, 269, 332 
Nichols, 58, 326, 335 
Nicolaidi, 2i5 
Nobel, 21fi 
Noeggerath, 7, 8, 234 
Nollau, 5& 
Norman, 299 
Northrop, 82, 341 
Novaro, 162, 176 



Odake, 123, 130, 131, 337 
Ohier, 205, 339 

Osborne, 3,7,8,10,11,12,13,15,17, 
21,22,23,24,25,27,30,31,32,34, 
38, 48,49,54,55,56,67,68,59,60, 
61,62, 64, 7172,73,77,^,80,81, 
82,90,91, 92, 93,97,111,112, 114. 
115. 119. 120. 130, 136, 137, 150, 151. 
153. 167. 162, 164, 166, 167, 168, 171. 
175, 176,179, 194, 236. 237, 238, 239, 
240. 256, 262. 264, 266, 268 , 269, 270, 
276, 297, 320, 321, 322, 323, 324, 325, 
326. 328, 329, 330, 331, 332, 333. 334. 
335. 336. 338. 339. 340. 341. 342. 344 

Oshima, ^ 

Ottow, 212 

Outhouse, 168 

Pacini, 160, 312 
Padua, 122 
Page, 148 

Palmer, 76. 77. 115. 272. 223 

Pappenheimer, 64, 169, 232 
Park, 65, 177, 195, 199, 279 
Parker, 206 



INDEX OF AUTH0R3 



361 



ParsoM, 26^^31^49i5L52,65, 73, 
78, 95, 151. 164, 166. 177. 195, 199. 
220, 221^ 239, 257, 266, 320. 323. 327. 
328. 337, 341, a4& 

Pasteur, 35, 313 

Paton, 113, 195, 199 

Paul, 329, 342 

Pavlov, 2 

Payne, 88 

Paynton, 19i 

Peronne, 81 

Peronnet, 249 

PeteraoD, 24S 

Pettersson, 314 

Phemister, 199 

Phillipe, 56 

Pierson, 86, 88, 344^ 345^ 34S 
Pilgrim, 288 

Pitz, 20,31^32,48,49,52.74,77^82, 
98, m, 112, 158^ 160^ 222, 225, 226. 
228. 272. 276. 323. 324. 326. 327. 334. 
335. 336. 338. 344 

Plauson, 14a 

Plaut, 273 

Plimmer, 56, 221 

Pol, 124, 215 

Pollini, 24fi 

Pollock, 245 

Polydinioo, 233 

Portier, lai 

Potter, 168 

Preti, 24fi 

Prioe, 278 

Pritchard, 293, 296 

Puglieee, 228 

Quinoy, John 1 

Rae, 87 
Raznoino, 187 
Raubitschek, 247 
Ray, 32, 109 
Read, 74, 92 
Rebello, ^ 2D6 
Rehfuss, 311 
Renahaw, 305 
Renton, 193 
Rettger, 28fl 
Reynolds, IZi 

Rhodes, 83. 85. 102. 288. 298. 347. 349, 
350. 351. 352. 353 



Rich, 56 

Richardson, ^ 56, 114, 326, 335 
RiddeU, 205, 206 
Ridlon, 254, 255 
Rimbaud, 201^ 207, 209 
Rivers, 317 
Robb, 22fi 

Roberts, 242, 245, 247, 252, 255 

Robertson, lfl3 

RobinBon, 144 

Robiaon, 104, 108 

Roger, 20Ii 207, 209 

Rohmann, 8, 16, 17, 18, 56, 59 

Rommel, 207 

Rondoni, 247, 256 

Ronne, 225 

Roof, 245, 259 

Roper, 118. 141. 292 

Rose, 53, 56 

Rosenheim, 76 

Rosenstein, 26 

Rossi, 103 

Rouse, 2^ 

Rubner, 59 

Ruhl,24I 

Ruin8ey,224 

Russell. 160.312 

Saikingakuzashi, 122 
Saleeby, 118, 216 
Salvatore, 193 

Sambon, 242 
Sanctorius, 1 
Sawamura, 213 
Saxon, m 

Scala, 59 

Schaefer, 86. 276. 277 
Schaeffer, 292 

Schaumann, 97. 121. 151. 156. 211 
Schicht, 128 

Schmidt, 192 
Schmorl, 192 
Schreiber, 140 
Schut, 2Q2 
Schwarz, 43, 142 
Schweiz, 187 
Schweiier, 44, 312 
Scola,242 
Scott, 87, 130 
Seaman, 331 
Sedgwick, 144i 352 



362 



INDEX OF AUTHORS 



SeideU, 40, 77. 08. 118. 119. 127. 128, 
131, 141, 153^ 154, 160. 182. 216. 3M 
Sekine, 283, 321, 322 
Sell, 67, 69, 75, 7G, 92, 94, 113 
Sharp, 133 
Shaw, 148 
Shearer, 317 

Sherman, 33, 56, 64, 100. 102, 134, 204, 

261.264.265. 288 
Sherwood, 43, 314 
Shibayama, 21il 

Shimamura, 123, 130, 131, 132, 332 

Shipley, 65, 177, 195, 159 
Shorten, 109 
Sicard, 201, 207, 2Q9 
Siegert, 193 

Siler, 243, 248, 254, 26Q 

Simmonds, 20, 26, 28, 31, 32, 48, 49, 
50,51,52,55,61,63,65,73,74,77, 
78, 82, 95, 98, m, 112, 116, 117, 118, 
119. 129, 151, 154, 157, 158, 160. 
163, 168. 177, ^83, 195, 199, 234, 239, 
240, 257, 259. 266, 272. 275, 276. 293. 
820. 323, 324 . 325. 326. 327, 328. 
334. 335. 336. 337. 338. 341 

Simonnet, 216 

Simpson, 122. 130^ 179.201.337.339. 343 
Singer, 245 

Skelton, 18, 83, 85, 88, 92, 106, 284, 
298. 345. 347, 349, 350, 351, 352, 353 
Slonaker, 19 

Smith, 84, 86, 104, 109, 148. 181, 205, 
206, 219, 284, 286, 290, 305. 329, 343. 
346. 348. 353 

Socin, ft 

Soldner, 283 

Solomin, 283 

Souaa, 41, 42 

Sousa, 3M 

Soxhlet, 268 

Sprawson, 209 

Stammers, 74, Q2 

Stanton, 13, 79, 115^ 116, 119, 131, 153. 

204. 245. aaz 

Starling, 185 

Steenbock, 20,21,26,31,32,34,48,56, 
63,66,67,69,70,72,73,75,76,811 
86. 91. 92. 94. 100. 104. 111. 112. 113. 
117. 118. 119. 128. 131. 136. 155, 165, 
167. 181, 182. 207. 226, 234, 237, 238. 
265. 277. 284. 286, 290. 291. 307. 324. 



325. 326. 328. 332. 334. 335. 340. 3A1 

346, 348.353. 
Stefanson, 87, 99, 218 
Stephenson, 67, 238 
Stepp, 8, 14, 97, 115, 116, 
Stevenson, 39, 42, 234, 238, 314, 333. 

345, 346, 348 
Still, 298 

Stockholm, 36, 43, 159, 160, 311 

Stoeltzner, 193^ 134 

Strong, 205, 337 

Stueasy, 282 

Sturtevant, 231 

Suarez, 24Z 

Suguira, 82, 98. 115. 117, 125. 131. 151. 

161. 208. 309. 329. 340. 341, 351 
Sullivan, 79, 80, 118, 124, 132, 245^ 254, 

256, 330. 337. 339 
Sundwall, 245 
Supplec, 274, 2ZZ 
Sure, 50, 74, ^ 2fiZ 
Suzuki, 123, 130, 131j 132, 337 
Swalingam, 245 
Sweet, 181 

Swoboda, 37, 82, 182, 185^ 314, 330, 331 
Sydenstricker, 249, 25fi 

Takahata Chuo, 210 
Takaki, 202, 203, 2M 
Talbot, 223 
Tclfer, 127 
Terunchi, 132 
Tervvchi, 115 
Theiler, 31 
These, 2M 
Thjotta, 160, 317 
Thomas, 51, 53, 258, 264 
Thompson, 245, 249, 256, 2££i 
Tobler, 22Q 
Torane, 193 
Totani, 56, 23& 
Towels, 14, 152, 182 
ToBer, 99. 163. 194. IflZ 
Tschirch, 1S2 

Ugesk, 53 

Uhlxnaon. 182. \M. 

Underbill, 253, 256, 252 

Unger, 83, 86, 101, 104, 109, 132, 133, 

^4,194, 195. 198. 222. 226. 260. 274. 

276. 277. 290, 345. 346. 348. 351. 352 



INDEX OF AUTHORS 



363 



Van Alfftyne, ISl 
Van der Wielen, 3i3 
Van Leent, 2M 

Van Leeuwen, 21fi 
Van Slyke, 263 

Veeder, 115, 116, 117, 118, 124* 127» 130. 
131. 132. 150. 151. 155. 180, 183. 205, 

207, 213. 214. 245. 248, 249. 250. 252. 
256, 336. 337. 340. 

Venar, 21& 
Veaar, 173. 183 
Vielle, Ua 
Vajoen, 21 
Vinson. 201 
Virchow, 191 
Viswalingam, 259 

Voegtlin, 14. 18, 49. 78, 79, 80. 96, 116. 
nL118, 119^ 124, 126, 128, 130, 1S2^ 
138, 150, 152, 156, m 182, 186^ 207. 

208. 246, 247. 256. 313. 327. 330. 335. 
336. 337. 338. 339. 344 

Vogt, lfl3 
Volpio, 242 

Von Groer, 163. 194. 23fl 
Von Schonborn, 211 
Vordennan, 214 

Wakeman, 114, 115. 119. 120. 130. 157. 

262. 264. 333. liM 
Walshe, 211 
Waring. 252 
Waaon, 23^ 
Watoon, 74, 195^ Iflfl 
Webster, 122^ 130, 337, 343 
WeUl, 84, 95^97, 165,205, 208,348, 34fl 
Weiaer, 211 



Wellman, ^ 339 

Wellfl, 25,56, 223 

Wheeler, 30, 56, 60, 249, 253, 256 

Whipple, 36, 96^ 118, aii 

White, m 

Wabur, 103. 279. 2S4 

Wildiers, 43i 213 

Wilkins, 174 

Willaman, 76, Slfi 

Waicock, ft 

Willcox, 86, 344, 345, 352. 353 
Willets, 252 

Williams, 35, 37. 38, 39. 41. 95, 96. 116. 

118. 119, 120, 121. 124, 127, 128. 129. 

130. 131. 150, 151, 154. 158, 159, 182. 

205,^ 210, 213, 314. 331. 332. 333. 

334,339, 340, 341, 342. 341 
Wilson, 258 

Wiltshire, 84, 86, 88, 110, 344i 348 
Winfield, 286, 28S 
Winters, 5& 
Withere, 32 
WoU, 273 

Wood, 245, 256, 2S& 
Wright, 223 
Wydooghe, 201, 20Q 

Wyon, aia 

Yarborough, 242 

Yates, 5fi 

ZUva, 40, 68, 70, 91j 118, 128, 129, 132, 
134, 136, 143, LSI, 166, 170. 221. 223. 
298. 324, 328, 340. 342. 350. 352. 3fia 

Zuckmayer, 

Zuns, 309 



INDEX OF SUBJECTS 



AbdomiiuJ walls, effect of lack of 

vitaminB on, 173 
Absorptioa, selective, BepAration of B 

and C by, 132 
Abeorption of B, UTj US 
Accessory food substances, 3 
Acetic acid extract of yeast, 113 
Acetic acid solution of B, fractionation 

by alcohol, 116, llfi 
Acetone, solubility of A in, 111 
Acetone, solubility of B in, 116^ UL 153 
Acid character of B, 13Q 
Acid, extraction of A from oils by, 112 
Acid hydrolysis, effect on rice poliah- 

ing9, 11^ m 
Acid, stability of B towards, 118, IM 
Acid, thermostability of C in presence 

of, 1Q2 (footnote), 134, 13S 
Acidity of diet, effect on growth, iS 
Acidosis a factor in rickets, 193, IM 
Acidosis a result of lack of B, 122 
Acidosis, relation of vitamin deficiency 

to, 31Q 

Acne rosacea, effect of yeast on, 311 
Acne vulgaris, effect of yeaat on, 211 
Activated fuller's earth, 141. 154 
Activated fuller's earth, growth-pro- 
moting and antineuritic power com- 
pared, IM 
Adenine, antineuritic properties of, 
127. 182 

Adrenaline, effect of lack of B on pro- 
duction of, 171 

Adrenaline, effect of lack of C on pro- 
duction of, 177 

Adrenalin, production in polyneuritis, 
207 

Adrenaline, relation to oedema, HQ 
Adrenals, effect of lack of vitamins on« 

171, 172^ 173, 177, 181, 228 (footnote) 
Adrenals, enlargement of in poly- 
neuritic, 170| 2QZ 
Advitants, 4 

Aeration, effect on A in butter-fat, 
90, fil 

Aeration, effect on A in oils, 9Q 
Aeration of milk during ptaateurization, 
effect on nutritive properties, 



Aeration, stability of C toward, 100, 

103. IM 

Aerobic and anaerobic yeasts, vitamin 
requirements of, 36 

Agar an inpedient of experimental 
diets, 8, 14, 22 

Age, variation of nutritive value of 
vegetables with, IDl 

Age, variation of vitamin require- 
ments with, 1Z5 

Aging of milk, deleterious effect of, 
284, 295 

Albumin, bacterial growth-stimulant in, 

IM 

Albumin in h^ted milk, precipitation 

of, 281 
Albumoees, 12& 

Alcohol as solvent for A in plant tis- 
sues, 136 

Alcohol, fractionation of acetic acid 

solution of B by, 115, llfi 
Alcohol, methyl, solubility of B in, llfi 
Alcohol, solubility of B in. 115. 116. 
117, 153 

Alcurone layer of cereal grains, B in, ZS 
Alfalfa as source of A .72. 73. 13fi 
Alfalfa, dried, as source of A, I3Z 
Alfalfa, content of B in, 81 
Alfalfa, extraction of A from by ether, 

111, 112 
Alfalfa flour, 52 

Alfalfa, thermostability of A in, 112 
Algae, synthesis of A by, 77 
Alkali, stability of A toward, flQ 
Alkali, stability of B toward, 96, U9, 

120, 154 

AlkaE, stability of C toward, 133, 134 
Alkali, use in isolation of B, 120, 124 
Alimentary products rich in B, pre- 
paration of, 142 
Allantoin, 122 

Allantoine, antineuritic properties of, 

127, 1^ 
Almond, content of A in, 24 
Aluminum silicate (Lloyd's reagent) as 

absorbent of vitamin B, 118 
Amanita muscaria, relation of vitamins 

to growth of, 31^ 
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Amenorrhea, 174 
Amino-acids, xi, 2, 54 
Amino acids a limiting factor in growth, 
M 

Amino adds, importance in nutrition, 

267, 2fi8 
Amino acids in the leaf, fi2 
Amino acids in tubers, 5A 
Amino acids of barley proteins, 55 
Amino acids of maize protein, 55 
Amino acids of milk proteins, 2S& 
Amino acids of oat protein, 55 
Amino adds of rice proteins, ^ 
Amino acids, relative importance of, 

257, 258x 259 
Amino acids, stimulating effect on yeast 

growth, 4112 
Anaemia, deficiency of vitamins a 

factor in. 168, 169, 173, 114 
Anaerobic yeasts, vitamin requirements 

of, 36, laz 
Animal as compared with veptetable 

protein, biological value of, 25^ 
Animal fats, antirachitic value of, 

197, loa 

Animal fats, stability towards alkali 

of A in, m 
Animal foods, antiscorbutic value of, 222 
Animal husbandry, food value of various 

proteins in, 2Qh 
Animal products, antiscorbutic value of, 

8fi 

Animal products, content of B in, 82 
Animal tissues, dried, content of A in, 
91, 92 

Animals susceptible to beriberi, 207, 2Q& 
Antineuritic and growth-promoting fac- 
tors, comparison of thermoetability of, 
154 and ff 
Antineuritic as distinct from growth- 
promoting factor, 15Q and ff 
Antineuritic factor as nerve stimulant, 

182, 1S3 
Antineuritic foods, 215 
Antineuritic properties of adenine, 122 
Antineuritic properties of allantoin, 127 
Antineuritic properties of betaine, 127 
Antineuritic properties of choline-like 

bases from rice, 12Z 
Antineuritic properties of cinchonine, 12& 
Antineuritic properties of hydroxj'- 

nicotinic acid, 123 
Antineuritic properties of laomerio 

hydroxy-p>Tidines, 128, 129 
Antineuritic properties of nicotinic acid, 
12Z 



Antmeuritic properties of pyrimidines, 

122 

Antineuritic properties of pyrimidine 
derivatives, 127, 1^ 

Antineuritic properties of ptirine-like 
bases from rice, 127 

Antineuritic properties of quinine, 128 

Antineuritic properties of tcthelin, 128 

Antineuritic properties of trihydroxy 
pyridines, 1^ 

Antineuritic requirement, effect of carbo* 
hydrate on, 179, ISQ 

Antineuritic subst&n^s, preparation of 
crystalline, 121 and ff 

Antineuritic value of certain food- 
stuffs, table of comparative, 82 

Antineuritic vitamins, two, 213 

Antirachitic factor, 168^ 170, 194, 
(footnote), 126 and ff 

Antiscorbutic foods for infants, 

Antiscorbutic requirements of different 
species, 1S6 

Antiscorbutic value as affected by pre- 
servation of foods, 9fi 

Antiscorbutic value of foodstuff en- 
hanced by presence of A, 99, IQQ 

Antiscorbutic value of milk, 277 

Antiscorbutic vitamin, quantitative de- 
termination of, 33 

Apples, content of vitamin B in, ^ 
IZl (footnote) 

Appetite a factor in nutrition experi- 
ments, 1 

Appetite and growth, relation between, 

175, 176 
Appetite, effect of A on, lfi7 
Appetite, effect of B on, 176, llfi 
Appetite-promoting factor, IZI 
Appetite, relation of growth to, 10 
Appetite, relation of vitamins to, 309 
Argenine, 259 

Arthritis deformans, effect of yeast on, 

3U 

Aspergillus niger, relation of vitamins 
to growth of, 

Assimilation, eff^t of lack of B on, 

171. 122 
Atox>'l, 242 (footnote) 
Asthenia, lack of vitamins, a cause of, 173 
Atrophic disorders, lack of vitAoiins, a 

cause of, 309 
Atrophy of myenteron, relation of 

vitamin deficiency to, 311 
Atropine, 1H3 

Atropine, inhibition of glandular se- 
cretion by, ISi 
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Auerbacb's plexus, relation of vitamin 
deficiency to degeneration of, 311 

Autoclave, temperature of, 89 

Autoclaved milk as oooBtituent of 
scorbutic diet, 104 

Autolyzed yeast, antineuritio value of, 
22 

Avitaminoeis in children, 2S2 and ff 

Bacillus ooli, im 

Bacillus de Pfeiffer, 317, 

Bacillus influenza, ISQ 

Bacillus parat3^hoHus B, IfiQ 

Bacillus subtills, 1^ 

Bacillus typhosus, liiQ 

Bacteria vitaaiin requirements of, 317, 

ais 

Bacteria, B>'nthe8i8 of B by, 160. Ifil 
Bacterial growth, relation of vitamins 

to, 160, liil 
Bacterial growth-stimulant, 160. Ifil 
Bacterial infection in scurvy, 224^ 225. 
Bacterial infection in pellagra, 247, 248 
Balanced diet, necessity for, 240 
Balancing of rations, 3i2 
Banana, content of ^ in, 24 
Banana, content of .8 in, 82 
Banana, content of C in, 83 
Banana flour, preparation of, lOZ 
Bailey, antineuritic and growtbrpro- 

moting power compared, 152 
Barley, antineuritic value of, 215 
Barley, a constituent of antiscorbutic 

ration, 83 
Barley protein, amino acids of, 55 
Barley protein in the diet, 51 
Barley, thcrmoetability of in, flfi 
Barlow's disease, 219i 220 
Basal diets deficient in A, 168 
Basal diets, faulty character in early 

work, ifi 
Basal diets, 44^ 5Z and ff 
Basal diets, preparation of, 44 
Basal diets, purification of ingredients 

in, 52 

Basal diets, salt mixtures used in, 59 

and ff 
Basal metabolism, xui 

Base content of diet, limits of, 48 

Basic character of B, 130 

Beans, alcohol extraction of B from, 

116. 112 
Beans as antineuritic, 205 
Beans as antiscorbutics, 232 
Beans, biological value of protein of, 258 
Beazis, content of B in, 77, 2Q5 



Beans, cooked, deficiency in B, 116 

Beans, cooked, retention of B by, llfi 
Beans, dried, antiscorbutic value of, 83 
Beans, Georgia velvet, content of A in, 

73, 14 (footnote) 
Bean, Georgia velvet, content of B in, 

74 (footnote) 
Bean, Georgia velvet, thermostability 

of A in, 02 
Bean, injurious effect on rat, 49 
Bean Katjangidjo, thermoetability of B 

in, ai 

Beans, effect of alkali on B in, 12Q 
Beans, navy, effect of cooking with 

sodium bicarbonate on B in, 120 
Beans, n&vy, thermostability of B in, 

95, 96, JiS 
Bean protein, biological value of, 49, 51 
Beans, soy, thermostability of jj in, 28 
Beans, string, content of C in, t45 
Beans, string, canned, content of C in, 85 
Beans, string, thermostability of C in, 

100 

Beans, string, variation in antiscorbutic 

value of, 84 
Beef, content of vitamin B in, 119 
Beef, dried, antiscorbutic value of, 109 
Beef fat, content of A in, 67, II 
Beef, heated, beriberi produced by diet 

of, 2m 

Beef infusion, bacterial growth-fltimulant 
in, IQQ 

Beef muscle, antineuritic value of, ^ 
Beef, thermostability of B in, 92 
Beer, antiaoorbutic value of, S4 
Beet sugar, content of A in. 73. 75 
Beet sugar, content of B in, 82 
Beets, general nutritive character of, 53 
Beets, content of B in, 81 
Beets, content of C in, 85 
Benxene as solvent for A in plant tis- 
sues, 136 

Benzene, solubility of A in, 111, 112 
Benzene, solubility of B in, 117, 153 
Beri-beri, 3, 12^ 13, 2Q1 and ff 
Beriberi, abnormal phosporic acid con- 
tent of urine in, 211 
Beriberi among Philippine scouts, 2Si5 
Beriberi and scurvy, clinical link be« 

tween, 218, 219, 220 
Beriberi, animals susceptible to, 207, 208 
Beriberi, areas of infection in AJfrica, 209 
Beriberi, autolyzed yeast as preventive 
of, 71 

Beriberi, chronic and acute, 208, 209 
Beriberi, dietary hypothcaisy 214 
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Beriberi, diets producing, 203 and ff 

Beriberi "dr>-", 213 

Beriberi, etiology of, 204^ 209, 21Q 

Beriberi identical with polyneuritis, 

203. 2Qi 
Beriberi in breast-fed infanta, 202 
Beriberi, incidence of, 201, 202 
Beriberi, incidence among women, 202 
Beriberi, infection theory of, 202. 209. 

21Q 

Beriberi-like symptoma in calves, IfiS 
Beriberi, mineral metabolism in, 5fi 

Beriberi, outbreak at Elizabeth, N.J., 206 
Beriberi, outbreak at Kutcl--\mara, 2Qfi 
Beriberi, outbreaks in Labrador and 

Newfoundland, 206 
Beriberi, predisposition to, 2Qi 
Beriberi produced by diiet of wheat 

endosperm, 28 
Beriberi, study in Japanese navy of, 

202, 203 

Beriberi, ssrmptoms of, 206. 2ffZ 
Beriberi, theories of origin, 203. 204, 

209. 210. 211. 212 
Beriberi toxin, 210, 211 
Beriberi, wet, 206, 207, 213 
Betaine, 125 

Betainc, antineuritic properties of, 127. 

Bcsssonoff test, for C, 135 
Biliary insuflficiency, relation of vitamins 
to, 122 

Bile, stimulation of flow of by B, ISfi 
Bilious vomiting, relation of vitamin 

deficiency to, 310 
Biological analysis of foods, 4fi 
Biological value of cereal and legimie 

mixtures, 50 
Biological value of proteins, 257, 258, 253 
Biologic values of proteins, 258. 264. 

265. 260. 262 
Bios, 43, 313 
Bios, relation of B to, 313 
Biosine, 313 (footnote) 
Bladder, effect of lack of C on, 122 
Blindness in calves from lack of vitamin, 

165 

Blood count of rats deprived of A, 
lfi& 

Blood, effect of lack of B on nitrogen of, 
124 

Blood, effect of vitamin deficiency in red 

cells of, 168. 124 
Blood, effect of lack of B on total solids 

in, 124 

Blood, effect of lack of B on urea in, 174 



Blood, predisposition to beriberi due to 

excess sugar in, 202 
Blood pressure, effect of vitamin extracts 

on, IM 

Blood vessels, effect of vitamin extracts 
on, 183 

Boiled milk, digestibility of, 22fi 
Boiled milk, nutritive value of, 279. 

282. 2S3 

Bolted flour a cause of beribexi, 206 
Bones, effect of lack of A on, 169. 170, 
177 

Bones, effect of lack of B on, 178 
Bones, effect of lack of C on, 178. 221. 
222 

Bones, effect of vitamins on calcifica- 
tion of, 122 
Bones, rachitic-like derangements of, 199 
Bowel, effect of lack of B on, 122 

Brain, content of A in, OL 02 
Brain, content of B in, 82, 117. 152 
Brain, effect of lack of B on, 17L 123 
Brain, growth-promoting and antineu- 
ritic power compared, 152 
Bran, content of A in, Z4 
Bran, content of B in. 74. 7& 
Bran, rice, content of B in, 18 
Bran, wheat, content of B in, 78, 82 
Brazil nut, content of A in, 24 
Breakfast foods, vitamin deficiency of, 8Q 
Bread, nutritive properties of soda bis- 
cuit compared with, 12S1 
Bread, white, in beriberi producing 

diets, 205 
Breast-fed children, high mortality of 
artificially-fed as compared with, 292 
Breast-feeding, relation of rickets to, 193 
Breast milk of pellagrins, 24fi 
Breast milk, vitamin deficiency in, 293. 
294 

Breeding stock, necessity of selection 

of, ^ 29 
Brewers 3'east, 14 
Bronchitis, effect of yeast on, 311 
Butter a protection against oedema, HQ 
Butter as source of ii.66. 67.74.91.301 
Butter fat an ingredient of experimental 

diets, 3, 8, 12, 14, 15 
Butter fat, antineuritic value of, 14 
Butter fat as supplement to wheat 

kernel, 42 
Butter fat, centrifuged, nitrogen content 

of, 114 

Butter fat, centrifuged, phosphorus con- 
tent of, 114 
Butter fat, content of X in, 66, 62 
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Butter fat, extraction of A from by 

ether, 111 
Butter fat in diet, 173 
Butter fat, thermostability of A in, 

90, dl 

Butter fat, variation in quantity of A 

present in heated, 21 
Butter, influence of storage on vitamin 

content of, 7A 
Butter-nmking, influence of method on 

vitamin content of product, II 
Butter oil as source of A, 13fi 
Butter oil, deterioration of ii on keepmg, 

m 

Butter oil, phosphorus content of, UA 
Butter pigment, relation to content of 
A, 2fi 

Butter, seasonal variation of content of 
Am,U 

Cabbage, content of A in, 73^ 126 
Cabbage, content of B in, 81 

Cabbage, antiscorbutic value of, 85^ 232 
Cabbage, dried, antiscorbutic value of, 
100 

Cabbage, dried, content of A in, 23 
Cabbage, dried, content of B in, 81 
Cabbage, dried, thermostability of C in, 
IDQ 

Cabbage, effect of alkali on B in, 12) 
Cabbage, effect of utoring on antiscor- 
butic value of, 105. IQfi 
Cabbage juice, thermostability of C in, 

100 

Cabbage, thermostability of A in, 92. 
Cabbage, thermostability of B in. 96. 98 

Cabbaf^, thermostability of C in. 99, 
100, 185 

Cages for rats, types of, 21^ 22, 2a 
Calcium content of milk, effect of heat 

on, 282, 283 

Calcium deficiency a factor in rickets, 
193. 195, 197, 199 

Calcium depreciation a factor in pel- 
lagra, 245^ 211 

Calcium, importance in nutrition, 311 

Calcium in dried milk, 282 

Calcium in milk, effect of vitamin-free 
diet on, 271 

Calcium, effect of cod-liver oil on reten- 
tion of, 177, 118 

Calcium lactate in baaal diet, 103 

Calcium metabolism in scurvy, 228. 
229 

Calcium metabolism, relation of vita- 
mins to, 12Z 



Calcification of bones, effect of cod- 
liver oil on« 177 
Calcification of bones and teeth, relation 

of vitamins to, 12Z 
Calorie, xi 
Calorie theory, 1 
Calorific value of food, xii 
Calorimeter, xi 

Calves, beriberi-like symptoms in, lfi5 
Calves, effect of lack of vitamins on, 165 
Calves, feeding experiments with, 165, 
278. 28^ 

Canned carrots, antis(»rbutic value of, 
101 

Canned foods, content of B in, fiS 

Canned meats, antiscorbutic value of, 82 
Canned spinach, variation in content of 
C in, 8S 

Canned string beans, content of C in, 85 
Canning, antiscorbutic value of foods 

affected by, 99 
Canning, effect on content of A in 

fruits and vegetablea, 93j 94 
Canning, effect on vitamin content of 

foods, 93j 94, 99, 3QZ 
Carbohydrates, ix, X 
Carbohydrate, abnormal hydrolysis of, 

a cause of beriberi, 211 
Carbohydrates, absorption of, x 
Carbohydrates, digestion of, x 
Carbohydrates a factor in pellagra, 2^ 
Carbohydrate metabolism, relation of 

vitamins to, lfi2 (footnote), 172^ 173. 

179, 180, 21! , 311 
Carbon bisulphide, solubility of A in, 111 
Cardiac enlargement, relation of vita- 
mins to, 309 
Cardio-respiratory phenomena in scurvy 

218. 219 

Carotin, association with A, 76^ 112 

Carotin content of ewe-milk fat, 115 

Carotin-free baaal rations, 115 

Carotin in eWe-milk fat, 27 

Carotin in pork liver, 22 

Carotinoid-free diet, growth and re- 
production on, 115 

Carotinoid-free eggs, feeding experi- 
ments with, 77, 115 

Carotinoid-free egg yolk as source of 
A, 22 

Carotinoids, afflociation with A, TO* 115 
Carotinoids in pork liver, 2fi 
Carotinoid-pigment, relation to vitamin 

A, 115 

Carrots, canned, antiscorbutic value of, 
101 
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Canots, content of A in, ^ 75^ 136 
Carrot, content of B in, 81^ 82, 151 
Carrot, content of C in, 85 
Carrots, cooked, antiscorbutic value of, 
101 

Carrots, effect of storing on anti- 

■oorbutic value of, 105 
Oairots, extraction of A from by sol- 

vents, 112 
Carrota, thermostability of i4 in, fi2 
Carrots, thermoetability of B in, fiS 
Carrotfl, thcrmoBtabiliy of C in, 101 
Carrots, variation in nutritive value 

with age, 101 
Casein, 54^ 236 

Casein an ingredient of experimental 

diets, 7, 10, 12, 14, 15, 57 
Casein as supplement to oat kernel 4Q 
Casein as supplement to wheat protein, 
47, 49 

Casein, bacterial growth-etimulant, IfiO 
Casein, biologic value of, 263 
Casein, effect of heat on (see caseinogen) 
Casein, nutritive efficiency of, 55 
Casein, purification of , 57, 58, 280, ^ 
Casein, remedial effect in pellagra, 259 
Casein, sulphur content of, 2^ 
Caseinogen, 262, 263 
Caseinogen, effect of heat on, 280, 281 
Catakse in tissues, reduction of, in 

polyneuritis, 187 
Catalase, producUun of stimulated by 

B, m 

Catalysts, j 

Catalysts, vitamins as, 6, IS/S 
Catalyzer, nickel, used in hydrogenation 

a factor in destruction of vitamins, 113 
Cats, feeding experiments with, 18, 119, 

194, 196 (footnote), 216 (footnote) 
Cats, polyneuritis in, 119, 2SR 
Celiac disease due to lack of vitamins, 

122 

Central nervous system, effect of lack 

of vitamins on, 171, 172 
Cereal diet, xerophthalmia resulting from 

restriction to, 235 
Cereal germ, content of B m. 78. 29 
Cereal prains, dry, content of C in, ^ 
Cereal graius, relative values of proteins 

in, 55 

Cereabu, sprouted, antiscorbutic value 

of, 232 

Cereals, sprouted, thermoetability oi C 
in, 100 

Cereals, vitamin index of, 132 
Cerebellar symiptoms in avian poly- 



neuritis, cause of prompt appearanco 
of, IM 

Cerebrosides in the diet, 15 
Charcoal as absorbent of B, 112 
Chard, content of A in, 22 
Chard, thermostabiUty of A in, 92 
Cheese, vitamin content of, 302 
Chemical properties of B, 130. 131 
Chemical structure of vitamins, 128, 129 
Chickens, experiments with carotinoid- 

free diet for, 26 
Chickens, nutritive requirements of, 21 
Chickens, synthesis of vitamins by, 167. 

221 

Chickems, vitality influenced by vitamin 

content of mother's diet, 88 
Chickens, xerophthalmia in, 235 
Children's discaacs, relation to vitamin 

deficiency, 172, 292, 310, ff 
Chinese, beriberi among, 201 
Chlorine metabolism in scurvy, 22S 
Qiloroform, solubility of A in. 111 
Chloroform, solubility of B in from 

horseflesh in, 117 
Chlorosis, deficiency (A vitamins a factor 

in, m 
Chocolate yeast, 145 
Chocolate, vitamin, 148 
Cholesterol, 7, 8, 15, 112 
Choline, 122. 123. 1S& 
Choline-like bases from rice, anti- 

neuritio properties of, 122 
Chronic polyneuritis, 2Q& 
Cider, antiscorbutic value ol, 83, 229, 

230 

Cinchonine, aotiDeuritic properties of, 
128 

Circulatory disturbances in latent 

scurvy, 218, 219 
Circulatory disturbances, relation of 

vitamins to, dS& 
Citra^inic acid, 128 

Citric acid, effect on thermostability of 

C. 100. 134. 135 
Citrus juices, minimum antascorbutic 

dose for guinea-pig, 232 
Qover, content of A in, 72. 73. 136 
Clover, content of B in, 81 
Clover, dried, as source of A, 132 
Cochlearia officinalis, 232 
Cod liver oil, effect on calcification of 

bones, 177, 195 
Cod hver oil, remedial effect in rickets, 

194. 196. 198. 199 
Cod liver oil, thermostability of in, 90 
Cod liver oil, vitamin content of, 68^ 69 
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Colon, relation of yitamm deficiency to 

infi&mmation of, 311 
Colon, efifect of lack of B in, 13 
Coloatmm, content of A in, 24 
Commercial vitamin preparations, 147, 

148. 14S ^ 
Complex of A existing in pliint ttasues, 

111 

Compound lard, 114 

Concentration of B from animal tissue, 

method of Voegtlin, 13S 
Concentration of B, method of Funk, 

Concentration of B, method of Gams, 

140, 141 

Concentration of B from pancreatic 

extract, HI, 142 
Concentration of B, method of Fraenkel 

and Schwars, 142 
Concentration of B from wheat germ, 

142, 143 

Ck)nccntration of B, method of Bosshard 

and HefU, 13L 138 
Concentration of C from fruit juicee, 

143 and ff 
Concentration of C from fruit juices, 

McCiendon's method, 146^ 142 
Condensed milk, antiscortubic value of, 

104. Ififi (footnote) 
Condensed milk in infant feeding, 205. 
Condensed milk, nutritive value of, 282, 

283, 286 
Condiments, fl 

Congestion, intestinal, relation of vita- 
min deficiency to, 173, 311 
Conjimctivitia, 2^ and ff (See also 

Xerophthalmia) 
Conjunctivitis, effect of yeast on, 311 
Constipation, effect of yeast on, 311 
Constipation, relation of scurvy to, 
22(), 227 

Constipation, relation of vitamins to, 
309 

Consumption of food on deficient diets, 
175 

Control diets, 22 

Convicts, feeding experiments to produce 
beriberi in, ^ 2Q4 

Cooked food, necessary data in experi- 
ments with, 

Cooking, effect on antiscorbutic value 
of food, 222 

Cooking, effect on antiscorbutic value 
of potatoes, 1Q3 

Cooking, effect on vitamin content of 
foods. 306. 3QZ 



Cooking of vegetables, effect of acids and 

alkalis in, 134, 13fi 
Com, biological value of protein of, 258 
Com embryo, antineuhtic property of, 

m 

Com endosperm, antineuritic value of, 

150 

Com gluten, lactalbumin as supplement 
to, 2fiS 

Com in antiscorbutic ration, 83 
Cora, kaihr, in antiscorbutic ration, 83 
Com meal, ether extraction of A from, 
111. U2 

Com meal, nutritive deficiency of, 41 
Com, milk-producing value of, 2^ 
Com oil, relation between color and 

content of A, 16 
Cora protein, nutritive value of, 47, 258 
Com, variation in content of A in, Z£ 
Com, vitamin index of, 8Q 
Com, white, content of A in, 2fi 
Com, yellow, thermostability of A in, fi2 
Corn, yellow, content of A in, 75 
Correlation of vitamin content with 

function, 74j 75 
Cortex, adrenal, degenerative changes 

caused by lack of C, 177 
Cottonseed oil, relation between color 

and content of A, 76 
Cotton seed, toxicity of, 32 
Cows, effect of ration on vitamin content 

of milk, 

Cows, feeding experiments with, 274, 2Z5 

Creatinine in milk, 2fi2 

Creatinuria on diets deficient in B, 180 

Crisoo in basal diet, 2^ 

Criticism of vitamin research, 34 

Cryst-alline preparations of antineuritic 

substances, 121 and ff 
Cucurbitous vegetables, thermostability 

of A in, S2 
Curd of milk, 2^ 

Curve, time, of destruction of Cin tomato 

juice, 1Q2 
"C-y," 1^ 

Cyclic compounds, influence of vitamins 

in syntheses of, 187 
"Cyclokeiases," 187 
Cystine, zi, 54 

Cystine as supplement to casein, 54, 266 
Cystine as supplement to lactalbumin, 
2fiZ 

Dairy products in the diet, dispensability 
of, 114 

Dairy products in experimental diets, 114 
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Dandelion leaves, effect of drying on 
antiflcorbuttc value of, 105. 

Dandelion leav^, thermostability of C 
in, 

Daaheen, content of A in, 73, 25 
Dasheen, content of B in, 82 
Demineralization of organism in pellagra, 
245. 24& 

Demineralization of organism on scor> 

butic diet, 228,229 
Deficiency disca»ea in breast-fed chil- 
dren, 292 

Deficiency of A, symptoms of, IfiZ 

and B 

Dehydration an improfitable method of 

proservinK vegetables, IDfi 
Dehydration of foods by vacuum proce^, 

advantage of, IQZ 
Desiccation, See Drying 
Destruction of antiscorbutic vitamin by 

heat, factors influencing, 107. 108, 1D9 
Dextrin in basal diets, 51 
Dialysis of B, 117. IM 
Dialysis of C, 132^ IM 
Diet, antineuritic, 215 
Diet influencing vitamin content of milk, 

74, 82 

Diet, modified, for prevention of beri- 
beri in Japanese navy, 203 

Diet, neuritic, used at Kut-el-Amara, 2QS 
Diet, neuritic, uaed in Japanese navy, 
2Q3 

Diet, neuritic, used in Javanese prisons, 
2Q4 

Diet, neuritic, used in lunatic asylum, 

Diet, neuritic, used in Philippines, 2D5 
Diet, sterilized, effect on human beings, 
203. 2(M 

Diets, beriberi-producing, ^3, 205. 
205 

Diets, control, 22 

Diets deficient in fat, effect on children 

of, 235, 2afi 
Diets in rachitic famili^, 105 
Diets, Mellanb/s rachitic, IW, 197, 1S3 
DiKe«tion, effect of lack of B on, 171, 

172, 123 
Digestion of foodstuffs, x 
Digestive glands, function of vitamins 

in stimulating, IM and ff 
Dilation, intestinal, relation of vitamin 

deficiency to, 211 
Diphtheria, relation of vitamin deficiency 

to, 31Q 

Dogs, feeding experiments with, 97^ 119, 



167jt ITTi 178, 196, 197, 198, 199, 200, 
2^ 

Dogs, polyneuritis in, 212 

Domestication theory of rickets, 195 

Dosage of vitamins, methods of deter- 
mining minimum, 34 

Dosage of vitamins, standardisation of, 
121 

Doves, sensitiveness to lack of B, li2 

(footnote) 
"Dry" beriberi, 206 
Dried grasses as source of A, 1.^7 
Dried milkf antiscorbutic value of, 104 
Dried milk, in infant feeding, 2115 
Dried milk, McClendon's preparation 

of, 142 

Dried milk, nutritive value of, 286 and 

ff (See also Milk powder) 
Dried plant products as source of A^ 137 
Dried potato, nutritive deficiencies of, 52 
Drier for concentration of vitamins, 

McClendon's, 144i IM, 14fi 
Drying, destruction of C in beef by, 109 
Drying detitruction of C in cabbage by, 

IQQ 

Drying, destruction of C in potatoes by, 
102 

Drying, effect on antiscorbutic value of 

foods, 99, 105 and ff 
Drying, effect on antiscorbutic properties 

of food, 232 
Drying, effect on antiscorbutic value of 

tomatoes, 108 
Drying, effect on antiscorbutic value of 

vegetables, lOfi 
Dr\ing, effect on content of A in foods, 

li3 

Drying, effect on content of £ in foods, 
94> 9fi 

Drying, effect on vitamin content of 
foods. 307. -m 

Drying of fruit juices, commercial proc- 
ess for, 109 

Drying of milk, commercial proc^ses 
for, 146, 147, '28fi, 2^2 

Drying of vegetables, optimimi tem- 
peratures for, IQl 

Duodenal ulcer, effect of yeast on, 211 

Duodenitis in beriberi, 

Eczemas, effect of yeast on, 211 
Edestin, bacterial growth -stimulant in, 
1^ 

Edestin, biologic value of, 2iifi 

Edestin, retention of B by, 120 

Eel fat as cure for xerophthahnia, 225 
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Efficiency of animal body, ix 
Eggs, antiscorbutic value of, 8fi 
Eggs, antineurttic value of, S2 
Eggs as supplement to wheat flour, 55 
Eggs, carotinoid free, as source of A, 71 
Eggs, content of B in, 82 
Eggs, dried, as source of B, 81 
Eggs, variation iu antiscorbutic value 

due to diet of hens, 8& 
Eggs, vitamin content of, 302 
Egg-yolk, antineuritic vaJue of, 82. 215 
Egg-yolk, antineuritic and growth-pro- 
moting power compared, 152 
Egg-yolk an ingredient of experimental 

diets, 8^ 12 
Egg-yolk fat, vitamin content of, 68 
Egg-yolk, growth-promoting value of, 3, 
1^ 15 

Egg-yolk, ether extraction of A from. 111 
Egg-yolk, ether extraction of B from, llfi 
Egg-yolk, thermostability of A in, 9Q 
Elizabeth, N.J., outbreak of beriberi at, 
206 

Emaciation, lack of .4 a cause of, 167. 12Q 
Emanation, radium, c£fcct on B in 
yeast, 88 

Embryo, animal, content of B in, 182 
Embryo, com, content of B in, Z8 
Embryo, wheat, content of B in, 18 
Endocrine function, relation of vitamins 

to (See Internal secretion) 
Endocrine glands, content of vitamin B 

in, ^ 185 
Endocrine glands, relation of vitamin 

deficiency to disturbance of, 171, 172, 

185, 186, 187, 311 
Endosperm, com, lack of B in, 15Q 
Endosf>erm, distribution of vitamin B 

within, Ifl 
Endosperm, grain, lack of B in, 78, 15Q 
Endosperm of seeds, composition of, 75 
Endosperm, wheat, us source of B, 

78. 15Q 
Energy of body, xi 
Energy value of food, xi 
Energy of muscular work, xii 
Energy requirement, xiii 
"Enriched" milk in infant feeding, 22S 
Ensiling, effect on content of A in fodder, 

fi2 

Enzymes, 185 

Enzyme action a factor in the destruction 
of antiscorbutic power of orange juice, 
Iflft 

Enjfymc®, effect on thermostability of 
antiscorbutic vitamin, 107, 108. IDfi 



Erythema, effect of yeast on, 211 
Ether, solubility of A in. 111. 112. 136 
Ether, solubility of B in. 116. 117 
Ethyl acetate, solubility of B from 

horse-flesh in, 111 
Evaporated milk in infant feeding, 2^ 
Evaporated milk, nutritive value of, 282, 

283. 2Sli 
Ewe milk fat as food for rats, 71 
Ewe milk fat as source of A, 115 
Ewe milk fat, carotin content of, 77, 115 
Exercise, beneficial effccta in rickets, 196. 

128 

Exogenous hormones, 186 
Experimental animals, advantage of 

small, 18 

Experimental animals, conrnderations 

governing selection of, M 
Ei^rimental aninuUs, treatment of, 21. 

22, 23, 24, 45 
Extraction of A from plant tissues, 111, 

112. 136 

Extraction of A from plant tissues by 

solvents, factors influencing. 111, 112 
Extraction of A from plant tissues, 

McClendon's method for, 132 
Extraction of A from saponified butter 

fat, m 
Extraction of B, 137 and ff 
Extracts of vitamins as supplement to 

diet, 297, 302, 308 
Eye diseases due to lack of A (See 

Xerophthalmia) 

Fat content of milk, variation in, 261, 

262 

Fat deficiency a factor in rickets, 194. 

196. (footnote), 199 

Fat free diets, experiments with, 163, 
179, 194, Iflfi (footnote), 199, *^ 222 

Fat metabolism, relation of vitamins 
to, 173, 17^ 18Q 

Fat-soluble vitamin, 4 

Fat-solubility of B, 112 

Fat starvation in children, 235, 236 

Fats, ix, x 

Fats, absorption of, x 

Fat«, antirachitic value of, 194, 196, 

197. 198 

Fats, digestion of, x 

Fats, dispensability in diet, 179. 235. 

236. 2aZ 
Fats, function in diet, 236, 232 
Fats, hydrogcnated, 301 
Fats, vegetable, content of A in, 21 
Fats, vegetable, in infant feeding, 296 
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Fate, vegetable, uaed in oleomargarine, 
3Q1 

Fatty acids, x 

Fatty infUtratbn due to lack of B, 173 
Feces from oat diet, character of, 4d 

Ferric hydroxide, colloidal, as absorbent 
of B, 118 

Fibrin, bacterial growth-stimulant in, 

IfiQ 

Fish, biological vahte of protein of, 258 

Fiah, content of A in, 21 

Fish, content of B in, S2 

Fiflh oils, vitamin content of, 68 

"Flash" past€uri*ation, 277, 282 

Flaxseed, content of il in, 

Flaxseed protein, biologioU value of, 

Flavoring extracts, function in diet, 175 
Flocculent precipitates as absorbente of 
B, m 

Flour, bolted, a cause of beriberi, W& 
Flour milling, removul of vitamin in, ZS 
Flour, soya bean and wheat mixtures, 71 
Flour, white, deficiency of, 79^ 2lk 
Folin-Macallum reagent, lil 
Folliculitis, effect of yout on, 311 
Food consumption on deficient diets, 
175 

Food consumption, effect of milk on, IQ 

(See also Food intake) 

Food intake, methods of determining, 
22, 24, 33, M 

Food intake, necessity for data concern- 
ing, M 

Food preservation, effect on antiscor- 
butic value, 98 

Foodstuffs, ix, X 

Fourth vitamin, evidence for, 15Q and ff 
Fowls, feeding cxperimente with, 13, 2i>, 

7(L 88, H3 (footnote), 180, 183, 203, 

205, 208, 216 (footnote), 23o, 
Fowls, vitamin A requirement of, 76 
Fractionation of acetic acid solution of 

D by alcohol, 115, 116, 119 
Frozen meat, antineuritic value of, 07 
Frozen meat, antiscorbutic value of, 110 
Fruit juices, commercial drying of, 109, 

147 

Fruit juices, concentration of C from, 144 
and ff 

Fruit juices, dried, stability of C in, 

144 and ff 
Fruits as antiscorbutics, 83 
Fruits, content of A in, 
Fruits, content of £ in, 82 
FuUer'B earth, activated, 141^ lfi4 



Fuller's earth, activated, antineuritic 
and growth-promoting power com- 
pared, 154 

Fuller's earth an absorbent of vitamins, 
113, 117, 118 

Function of organs correlated with 
vitamin content, 74, 15 

Function, physiological, of vitamins, 
181 an d ft 

Functioning cells, correlation of vitamin 
content with, 181, 182 

Furunculosis, effect of yeast on, 211 

Gastric disturbance in beriberi, 
Gastric glands, stimulation by vitamins, 
184 

Gastric insufficiency, relation of vitamins 

to, 122 
Gastrin, 186 

Gastro-intestinal catarrh, effect of yeast 

on, 311 

Gastro-intestinal disorders, lack of vita- 
mins a cause of, 172, 123 

Gastro-intestinal tract, effect of lack of 
vitamins on, 173 

Gelatin as supplement to oat kernel, 49 

Gelatin, bacterial growth-fitimulant in, 
160 

Georgia velvet bean, content of A in, 

73, 74 (footnote) 
Georgia velvet bean, tbermoetability of 

A in, fi2 
Germ (See also Embryo) 
Germ, commercial wheat, as source of 

antineuritic, 215 
Germ of seeds, composition of, 2S 
Germ, wheat, growth promoting and 

antineuritic power compared, 152 
Germinating lentils, antiscorbutic value 

of, 84 

Germinating peas, antiscorbutic value 

of, M 

Germinating seeds, antiscorbutic value 
of, M 

Germiimtion of seeds for use as anti- 
scorbutics, 84 
Glands, adrenal, effect of lack of C on, 

177 

Glands, intestinal, relation of vitamin 
deficiency to depressed activity of, 311 

Glands, lymph, content of B in, 82 

Glands of internal secretion (See Endo- 
crine glands) 

Glands, stimulation by vitamins, 184. 
185. 186, 182 

Glands, swollen, effect of yeast on, 211 
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Glandular adipose tissue, effect of vita- 

mxQ deficiency on, 180 
Glandular organs, value in the diet, 303 
Glandular organs, vitamin content of, 

3Q3 

Glucose, stimulating effect on ye&st 

growth, iL 42 
GIuco«ides, hormones produced from, 

186 

Gluten feed, milk-producing value of, 

Gluten feed, nutritive deficiency of, iZ 
Glyoxalaae content of liver in poly- 
neuritis, 187 
Goats, feeding experiments with, 274, 
276 

Gonococcus, 312 

Grains, distillers, milk-producing value 
of, 2tia 

Grains, thermostability of il in, fi2 
Grains, thermostability of i9 in, 9fi 
Grape-fruit, content of A in, TA 
Grape-fruit, content of B in, 82 
Grape-fruit juice, dried, antiscorbutic 

value of, im 
Grape-juice, antiscorbutic value of, 83 
Grape-juioe, content of Bin, 82. 
Grasses as source of ^, 72j 73^ 136, 

132 

Grasses as source of B, SI 

Gravimetric yeast test for B, 3Z 

Grip infection, relation of vitamin de- 
ficiency to, 31Q 

Ground nut (See Peanut) 

Growth and appetite, relation between, 
175, m 

Growth, effect of A on, 167^ IM 

Growth, effect of B on, 125 

Growth inhibition on diet containing 
vitamin, 152 

Growth promoting and antineuritic 
factors, comparison of thermostability 
of, IM and ff 

Growth-promoting a^^ dii^tinct from anti- 
neuritic factor, 15Q and ff 

Growth-promoting aa distinct from anti- 
neuritic factor, distribution of, IMl 

Growth-promoting factor, properties of, 
153 and ff 

Growth promoting factor, separation 
from antineuritic, 153. 154, 159, ItiQ 

Growth-promoting factor from yeast, 
separation of, 152, 153 

Growth-promoting function of A, IfiS 

Growth-promoting value of brewer's 
yeast, lA 



Growth-promoting value of butter-fat, 
3, 12 

Growth-promoting value of egg-yolk, 

3. 12, 15 

Growth-promoting value of meat, 197 
Growth-promoting value of milk, 3, 9, 
10, 11 

Growth-promoting value of protein, 

numerical expression for, 55 
Growth stimulation in children due to 

administration of vitamin, 296, 297 
Guinea-pig, requirements for C, 166, 
232. 233 

Guinea-pigs, feeding experiments with, 
18, 19, 25, 33, 83, 84, 85. 86, 99, 100. 
101. 102. (footnote), 103. 104. 105. 
133. 147. 166. 178. 269. 271. 277. 284. 
2flQ 

Guinea-pigs, symptoms of scurvy in, 

2^21, 222,223 
Guinea-pig test for presence of C, value ^ 

of, 232, 233 

Hay, antiscorbutic value of, 104, 105^ 290 
Hay from ironmture grasses, content 

of i? in, 81 
Heart action, effect of vitamin extract 

on, 183 

Heart, effect of lack of A on, Iflft 
Heart, effect of lack of B on, 171, 173 

Heart muscle, effect of lack of B on, 173 
Heart, effect of lack of C on, 22a (foot- 
note) 

Heart, ox, antineuritic and growth- 
promoting power compared, 152 

Heart, ox, bacterial growth-stimulant 
in, 16Q 

Heart, pig, dried, content of A in, 91, 92 

Heart protein, (K}ntent of £ in, 82 

Heat, factors influencing destruction of 
B by, 12Q 

Heat, factors influencing destruction of 
C by. 107. 108. 109 

Heat, st&bUity of A to, 90, dl 

Heat, stability of B toward, 94, 119, 
120, 155 and ff 

Heat, stability of C to, 99, 100, 107. 
133. 134. 135, 284. 285 

Heating, effect on antiscorbutic proper- 
ties of food, 232 

Heating, effect on nutritive value of 
milk, 277 andff 

Hemicelluloses interfering with extrac- 
tion of A from plant tissues, 112 

Hemorrhage, intestinal, relation of vita- 
min deficiency to, 311 
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Heredity in rickets, 1^ 

Hippuric acid, excretion of by pellagrins, 

Histidine, 122. 126. 259 

Histologit al changes of ribjunction due 

to lack of A, Oil 
Historical development of vitamin 

theory, fi 
"Hold" pasteurization, 278, 282 
Hormones, 6^ 185, 186, 1S2 
Horse-flesh, antineuritic substance from, 

UI 

Hydrochloric acid, administration to 
pellagrins of, 258 

Hydrochloric acid, alcoholic, as extrac- 
tive for B, 118 

Hydrochloric acid, inactivation of B 
by, 118 

Hydrogen ion concentration of foods in 
relation to antiscorbutic power, 133, 
134 

Hydrogen ion concentration, influence on 
thermc«tability of C in tomato juice, 
102 (footnote) 

Hydrogen peroxide, destruction of C by, 
133 

Hydrogenated fats in diet, use of, 3Q1 
Hydrogenated oils in basal diets, 58 

Hydrogenation, effect on vitamin con- 
tent of oils, 90^ m 

Hydrolysis, acid, effect on rice polishings, 
118. lift 

Hydrolysis of carbohydrates, beriberi 
caused by abnormal, 211 

Hydrox>i ion, effect on C, 134 

Hydroxy-nicotinic acid, antineuritic pro- 
perties of, 128 

Hydroxy-pyridines, antineuritic proper- 
ties of, 129, 182 

Hydroxy-pyridine glutazine, 1^ 

Hydroxy-pyrimidinee, 127. 128 

Hyperadrenalinemia due to lack of B, 
171. 122 

nium, effect of lack of B on, 173 

Inactivation of B by acids, 118 
Inactivation of vitamina, theory of, 122 
Inanition, chronic, due to lack of B, 

171, 311 
Index of cereals, vitamin, 132 
Indican in beriberi, 112 
"Indicator limit" of phosphorus pent- 
oxide, 80 

Indole derivatives, antineuritic proper- 
ties of, 1B2 
Infantile scurvy, 219^ 22Q 



Infantile scurvy, secondary factors in, 
285 

Infection and nutritional disorders, 

relation between, 31D 
Infection, bacterial, relation of vitamin 

deficiency to, 31 1 
Infection, relation between vitamin de- 

ficiencv and susceptibility to, 167. 

172, 123 

Infection, relation of vitamin deficiency 

and susceptibility to, 31D 
Infection, susceptibility of scorbutic 

aniDiJils to, 21& 
Infection theory of beriberi, 202, 209, 

21Q 

Infection theory of pellagra, 245 (foot- 
note), 247, 248, 2m 
Infection theory of rickets, lfi3 
Infection theory of xerophthalmia, 237, 
238, 2aa 

Infiltration, fatty, due to lack of B, 113 
Influence of diet on vitamin-content of 

body fata, IQ 
Influensa bacillus, 317, 318 
Infusorial earth as absorbent of B, 118 
Inorganic elements in nutrition, study 

of. 04 

Inorganic salts as supplement to wheat 

kernel, 47 
Inorganic salt mixtures in experimental 
diets, 10^ IL 12, 23j 24 

Inorganic salts of milk, 268, 211 
Internal secretion, influence of vitamin, 

on, t), 7, 162 (footnote), 171^ 185, 186, 

182 

Internal secretion, rickets due to de- 
ficiency of, 133 

Intestinal congestion, relation of vitamin 
deficiency to, 311 

Intestinal dilation, relation of vitamin 
deficiency to, 311 

Intestinal hemorrhage, relation of vita- 
min deficiency to, 311 

Intestinal insufficiency, relation of vita- 
min deficiency to, 122 

Intestinal intoxication, effect of yeast 
on, 311 

Intestinal muscles, effect of vitamin ex- 
tracts on, 183 

Intestinal putrefaction, abnormal, in 
beriberi, 123 

Intestinal stasis, relation of vitamin 
deficiency to, 172, 311 

Intestinal symptoms of deficiency of A, 
IfiS 

Intoxication a cause of rickets, 1S3 
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Intoxication theory of beriberi, 210, 211 
Intoxication theory of pellagra, 24Z 
Intraperitoneal injections in polyneuritis, 
UI 

Intravenous administration of vitanuns, 
IM 

Intravenous injection of orange juice, 

effect of, 226 
Intussusception, relation of vitamin de- 
ficiency to, 311 
Invertase activity of yeast, stimulant 

for, IfiQ (footnote) 
Invertase as factor influencing ther- 
mostability of C in orange juice, 109 
Isolation of B, 121^ ff 
Isolation of B, method of Edie et al, 122 
Isolation of B, method of Funk, 121^ 122 
Isolation of B, method of Myers and 

Voegtlin, 12fi 
Isolation of B, method of Pol, 124^ 125 
Isolation of B, method of Seidell, 12Z 
Isolation of B, method of Suzuki et al, 
123 

Isomeric hydroxypyridines, 128, 129 
Isomerization, loss of antiueuritiu power 
from, 128^ 129 

Japanese children, xerophthalmia, in, 235 
Japanese navy, study of beriberi in, 

202, 203 

Javanese prisons, beriberi-producing diet 
of, 204 

Just-Hatmaker proce^is for preparation 
of dried milk, 286, 2&Z 

Kaffir battalion, outbreak of sciwy in, 

"Kalzose," IT 

Kaolin as absorbent of vitamin B, 117 
Katjang idjo, 124 

KutjanR idjo, separation of B, from, 

124, m 

Katjang idjo, thermostability of B in, 
94 

Keratitis, 16?, 23Z 

Keratomalacia, 2^ and £f (See also 

Xerophthalmia) 
Kidney, effect of lack of A on, Ififi 
Kidney, effect of lack of B on, 171, 122 
Kidney, effect of lack of C on, 228 

(footnote) 

Kidney, pig, extraction of B from, 117 
Kidney protein, content of B in, ^ 
Kidney, vitamin content of, IB2 
Kieselguhr, absorption of yeast vitamin 
by, 118 



"Krystalak, "236 

Kut-el-Amara, outbreak of beriberi at, 
2Qfi 

Labrador, outbreak of beriberi in, 206 

I^ctAlbumin, 54, 262, 263 
Lactaibumin an incomplete protein, 2^ 
268 

Lactaibumin and lactose, supplementary 

relation between, 267 
Lactaibumin as supplement for maize 

protein. Mi 2fi& 
Lactaibumin, biologic value of, 55, 266, 

267. 268 

lactaibumin in the digestive tract, proc- 
ess of hydrolysis of, 267, 2^ 

Lactation, diet during, 272^ 273, 294. 
295 

Lactation, underfeeeding cause of failure 

m, 272. 213 
Lactation, vitamin requirements during, 

294, 295 
Lactoplobulin, 262, 264 
Lactose an ingredient of experimental 

diets, 15, 51 
Lactose and lactaibumin, supplementary 

relation between, 267 
Lactose compared with cane sugar, 

physiological efficiency of, 262 
T.actose, effect of heat on, 2SQ 
Lactase in milk, 262 
Lard, digestibility of, 69 
Lard manufacture as influencing vitamin 

content of product, 70, 21 
Lard substitutes, digestibility of, 69, 20 
Lard substitutes, vitamin content of, 113 
Lard, vitamin content of, 69 
Laxative diets, scurvy produced on, 222 
Leaf, amino-acid content of, 52 
Leaf and seed mixtures, biological value 

of, 52 

Leaf as supplement to food in diet, 52 
Leaf, biological value of, 52 
Leaf, mineral content of, 52 
Leaf, protein content of, 52 
Leaf tissue, thermostability of A in, 92 
Leafy vegetables, antiscorbutic value of, 
85, 232 

Leaves, content of A in. 72, 73, 74 

L^ves, extraction of A from, 22 

Ceaves, preen, synthesis of A by, 22 

Lecithalbumin, 204 

Lecithin, 7, 8, 15, 112 

Legume and cereal mixtures, biological 

value of, 5Q 
Lemon juice as antiscorbutic, 83 
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Lemon juice as antisoorbutic in the navy, 

23Q 

Lemon juioe as antiscorbutic for infants, 

228 

Lemon juice, dried, antiscorbutic value 
of, 102 

Lemon juioe, influence of storage on 

antiscorbutic value of, 106 
Lemon juice, tniniinum antiscorbutic 

dose for guinea-pi^, 232 
Lemon juice, thermostability of C in, IQ^ 
Lemons, content of A in, 
Lemons, content of B in, 82 
Lemons, antiacorbutic value of, 229, 230 
Lentils, antineuritic value of, 77^ 82^ 215 
Lentils, extraction by water of B from, 

Lentils, germinated, thermostability of 
C in, IQQ 

Lentils, germinating, antiscorbutic value 
of, 81 

Lentils, growth-promoting power com- 
pared, 152 
Lettuce, content of A in, 12 
L«noo compound of yellow pigment, 

h>'pothe8i3 of, ZQ 
Lime jui(% as antiscorbutic, ^ 232 
Lime juice, isolation of B from, 122 
Lime salts, effects on rickets, 04^ 
Linseed oil, antirachitic value of, 19<3, 197 
Lion cubs, feeding experiments with, IM 
Lipoids, association of B with, IM 
Lipoids, dispensability of, 8 
Lipochromes, 76^ 112 
Lipochromes, association with vitamin A, 

76 

Lipochrome-like substances in pork liver, 

2Z 

Liver as cure for xerophthalmia, 
Liver, effect of lack of A on, 
Liver, effect of lack of B on, 171. 
123 

Liver, ox, antineuritic value of, 82 
Liver, pig, dried, content of A in, fil 
Liver, pork, carotinoids in. 76. 71 
Liver, rat, as antiscorbutic, Ififi 
Liver, seal, as antiscorbutic, 23Q 
Liver tissue, content of B in, 82 
Liver, vitamin content of, 182 
Lloyd's reagent, 118, 142^ 1.53 
Lloyd's reagent, "activated," 142 
Lloyd's reagent as absorbent of B, 118 
Long-continued experiments, necessity 

for, 26, 27^ 45 
Lozenges, antiscorbutic, of Bassett- 

Smith, 144. U& 



Lukuga* beriberi in, 209 

Lungs, effect of lack of A on, IM 
Lungs, effect of lack of B on, 173 
Lymph glands, vitamin content of, 82, 
182 

Lymphocytes, effect of vitamin de- 
ficiency on, 1S3 

Lymphoid tissue, effect of vitamin de- 
ficiency on, 183 

Lj'mphoid tissue, importance of, 183 

Lysine, xi, 54, 55, 258, 259 

Magnt^um, toxicity of, 32 

Maintenance and growth, vitamin re- 
quirements for, 162. Ifi3 

Maintenance requirement and appetite, 
relation between, 1Z6 

Maintenance requirement as distin- 
guished from growth-requirement, lfi2 

Klaintenance requirements of different 
s|)ecies, li>5, liifi 

Maintenance requirement, vitamins in, 
102, ff 

Maize, biological value of protein of, 25& 
Maise, nutritive deficiencies of, 49, 55 
Maise protein, amino acids of, 55 
Maise protein, biological value of, 51 
Maise, thermostability of £ in, 95 
Malnutrition, 300, 310 
Malnutrition, administration of B in, 297 
Malnutrition of nervous system, 121 
Malnutrition, relation between defi- 
ciency of A and, 225 
Malt, autisGorbutic value of, 84 
Malt extract, antirachitic value of, Ififi 
Man, susceptibiUty to lack of anti- 
soorbutic, IM 
Mangel, content of A in. 73, Z5 
Mangel, content of B in, 82 
"Mormite," 215 
Mastic as absorbent of B, 117 
"Matok" as antiscorbutic, 23Q 
Meat, alcohol extraction of B from, 115 
Meat, antirachitic value of, 197 
Meat, antiscorbutic value of, 80, 87, 
228. 232 

Meat as supplement to wheat flour, 55 
Meat, biological value of protein of, 258 
Meat, cooked, vitamin content of, 303 
Meat, content of A in, 71 
Meat, content of B in, 119 
Meat, effect of alkali on B in, llfl 
Meat, ether extraction of B from, 116 
Meat, extraction of B from, 115 
Meat extracts, antiscorbutic value of, 88 
Meaty frozen, antineuritic value of, flZ 
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Meat, frozen, antisoorbutie value of, ^ 
IIQ 

Meat, growth-promoting value of, IfiZ 

Meat juice, antiscorbutic value of, 88 
Meat, preserved, aatiacorbutic value of, 
82 

Meat, raw, antineuritic value of, 97 
Meat, salted, antineuritic value of, QZ 
Meat, sterilized, deficiency in anti- 
neuritic power, QZ 
Meat, stimulating effect of, 192 
Meat, thermostability of B in, 9S. 
Meat, thermostability of C in, 110 
Meat, tinned, antiscorbutic value of, 87 
M^uUa, adrenal, degeneration due to 

hick of C, 127 
Meningococcus, growth-stimulant for, 
317 

Merrell-Soule process for drying fruit 

juices, 112 
Merrell^ule process for drying milk, 

2SL 

Metabolism, basal, ziii 

Metabolism, calcium in scurvy, 228. 22S 
Metabolism, calcium, relation of vita^ 

mins to, 177 
Metabolism, chlorine, in scurvy, 228 
Metabolism, fat, relation of vitamins to, 

179. im 

Metabolism, function of hormones in, IM 
Metabolism in pellagra, 245, 24fi 
Metabolism, nitrogen, effect of lack of 

B on, IM 
Metabolism, nitrogen, relation of vitar 

mins to, 3^ 
Metabolism of nerve tissues, relation of 

B to, 183 

Mabolism, phosphorus, relation of 

vitamins to, 173 
Metabolism, protein, in scurvy, 218 
Metabolism, relation between appetite 

and, im 
"Metagen," 119 

Methods of concentration of vitamin B, 

137 and ff 
Methyl alcohol, solubility of B in, 116 
Mice, feeding experimentB with, 2^ 6^ 8, 

IL 16, IL 18. 03, 181x 305 (footnote) 
Milk, albumin In dried, 287 
Milk an ingredient of experimental diets, 

p,6,8,?,ip,lL47,86»lQl 
Milk, antineuritic value of, 269 
l^lilk, antiscorbutic value of, 86^ 232. 

222 

MiQc as supplement to cereal grains 265,, 



Milk as supplement to oats and bran in 

guinea-pig rations, Sfi 
Milk as supplement to wheat flour, 55 
Milk, autoclaved, as constitutent of 

scorbutic diet, HM 
Milk, biological value of protein of, 25S 
Milk, boiled, digestibility of, 229 
Milk, boiled, nutritive value of, 229 
Milk, breast, of pellagrins, 24fi 
Milk, breast, of women with beriberi, 202 
Milk, calcium in dried, 2S7 
Milk, caseinogen in dried, 28Z 
Milk, composition of human compared 

with cow's, 261 and fl 
MiUc, condensed, antiscorbutic value of, 

104, lfi5 ffootnote) 
Milk, condensed, in infant feeding, 295 
Milk, condensed, nutritive value of, 282. 

283, 282 

Milk, condensing of, Ififi (footnote) 
Milk, constituents of, 2fil 
Milk, content oi B in, 8L 82, 151^ 2©9, 
292 

Milk, content of C in, 260^ 270 
Milk, cow's, in infant feeding, 295 
Milk diet, growth on, 270, 271 
Milk, dried, antiscorbutic value of, 101 

271, 288, 290. 221 
Milk, dried, in infant feeding, 295 
Milk, dried, vitamin content of, 288 
Milk drying, Just-Hatmaker process 

286, 2S1 

Milk drying, McClendon's method, liO 
112 

Milk dr3ring, Merrell-Soule process, 282 
Milk, effect of diet of lactating animd 

on composition of, 164^ IGS, 272, 293, 

294 

Milk, effect of diet of lactating animal 
on nutritive value of, 273, 274. 275. 
276. 293. 294 

Milk, effect of diet of lactating animal on 
vitamin content of, §2^ IM, lfi5 

Milk, effect of heat on nutritive value of, 
277 and ff 

Milk, effect of beat on phosphorus con- 
tent of, m 

Milk, effect of heat on vitamin content, 
283 

Milk, effect of small quantities in the 
diet, 3 

Milk, evaporated, in infant feeding, 295 
Milk, evaporated, nutritive value of, 
r 282.286 

Milk, facton influencing content of A 
in, 71 
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Milk fat, oompoflition of, 262 

Milk fat, effect of diet of lactating aaimal 

on, 273, 274 
Milk, g^oat, composition of, 2fil 
Milk, globuUn in dried, ^ 
Milk, human, cascino^ in, 268 
Milk, human, salt content of, 2Bft 
Milk, human, fat content of, 2fi2 
Milk, influence of diet of lactating animal 

on antiscorbutic value, iSi 
Milk in infant feeding, compari^n of 

raw and pasteuriMd, 2Zd 
Milk, inorganic Ralt« in, 268, 224 
Milk, isolation of B from, 122 
Milk, lactose content of, 2fi2 
Milk, lo« of C with aging of, 2M 
Milk of different speciee, composition 

of, 261 and ff 
Milk, poBteurized, 277. 2Z8 
Milk, pasteurized, as infant food, 2S5 
Milk powder, antiticorbulic value of, IM 
Milk powder compared with fluid milk 

as sole diet, 270, 2Z1 
Milk powder, cfTcct of heat on, 280 
Milk powders, variations in, 2iLL 
Milk production, effect of quantity of 

food on, 2Z2 
Milk production, value of different pro- 
tein feeds for, 265 
Milk proteins, 2ti2 and fF 
Milk protein, biological value of, hi 
Milk protein, effect of diet of lactating 

animal on, 224 
Milk protein, relation of intake to 

growth, 47^ 48 
Milk proteins, value for milk pro- 
duction, 2!i5 
Milk ration required for children, 3QQ 
Milk, raw, antiscorbutic value of, liM 
Milk, reduction of calcium content on 

heating, 281, ^ 2S3 
Milk, scalded, antiscorbutic value of, 
Milk, seasonal variation in vitamin con- 
tent of, 276, 211 
Milk, sheep, composition of, 2fil 
Milk, skimmed, as source of vitamins, 3Q1 
Milk, solids in dried, 2SI 
Milk, source of vitanuns of, 275, 276 
Milk, sterilized, containing vitamins, 

278. 280 
Milk sugar 262 (See lact<M<e) 
Milk, thermostability of B in, Ofi, 97 
Milk, thermostability of C in, 104, 105, 
284. 2Sfi 

Milk, vitamin content of, 161, 269 and ff 
Millet protein, biological value of, 51^ 52 



Millet seed, content of vitamin i4 in, 72 
Milling of wheat, 214 

Milling of rice, 212 

Mineral content of the diet as furnished 

by seeds, 52 
Mineral content of diet, influence on 

growth and reproduction, 48 
Mineral content of milk, 208, 274, 275 
Mineral content of seed and tuber mix- 

ttires, 53 

Mineral deficiency as cause of deficiency 

diseases, £9 (footnote) 
Mineral elements, role in body, X 
Mineral elements, source of in diet, x 
Mineral metAbolism, 59 (footnote) 
Mineral metabolism of pellagrins, 245, 

246 

Mineral oil added to scorbutic diets, 22& 
Mineral salts, ix, x 

Mineral salts, 53 and ff 

Mineral salts, rachitic-4ike condition 

produced by deficiency of, 199 
Minimum dosage of vitamins, methods 

of determining, 33 
Minimum dosage of vitamins, variation 

in, 30, ai 
Minimum vitamin requirements, 163 
McClendon's drier for concentration of 

vitamins, 144. 145, 14fi 
McClendon's method for extraction of A 

from plant tissues, 137 
"Modified milk" vitamin deficiency of, 

292 

Monkeys, feeding experiTOcnts with, 18, 
S<), 105, 170, 173, 179, 229, 254, 252 
259. 209, 270. 284, 290, 311 
Monkeys, poljTieuritis in, 207, 2Q8 
Monkey, susceptability to lack of anti- 
scorbutic, 1^ 
Monotonous diets, nutritive value of, £ 
Motor cells of cord, degeneration in 

poljTQeuritis, 130. 183 
Mucous disease, reUtion of vitamin de- 
ficiency to, 172, aiQ 
Muscle, beef, antineuritic value of, ^ 
Muscle, fish, antinetuitic value of, 82 
Muscle, heart, effect of lack of B on, 123 
Muscle tone, regulation by vitamins of, 
182. 183 

Muscular tissue, effect of lack of vita- 
mins on, 122 

Mushrooms, failure to qynthesiie vita- 
min A, 71 

Myetin, 262 

Myenteron, relation of vitamin de- 
ficiency to atrophy of, 311 
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Nageli's solution, 35, 39 
Nerve cells, effect of lack of vitamins 
on, 122 

Nerve fibers, effect of lack of B on, 
IS3 

Nervous system, central, effect of lack 

of vitamins on, 171, 122 
Neurai^thcnia, lack of vitamins a factor 

in, m 

Neuritis, 171^ 3QQ 

Neuritis, rehition of vitamins to, 309 
Neuro-muscular mechanism, effect of 

lack of vitamins on, 172. 173 
"Neutral lard," 3121 
Newfoundland, outbreaks in beriberi in, 

206 

Nickel, possible effect on vitamins, 113 
Nicotinic acid, 12?, 125, ISL 128, 1S2 
Nicotinic acid, antineuritic properties of, 
127, 182 

Nicotinic acid, vitamin B a derivative 
of, 12a 

"NiRht-blindne-ss," ML 309 
Nitrogen &» a constituent of .4, 114 
Nitrogen as constituent of B, 128 (.foot- 
note), 132 
Nitrogen balance of pellagrins, 245 
Nitrogen balance on diet^ deficient in 

vitamins, 18Q 
Nitrogen content of centrifuged butter 
fat, LL4 

Nitrogen metabolism, effect of lack of 

B on, IM 
Nitrogen metabolism, relation between 

vitamins and, liiQ 
Nitrogen of blood, effect of lack of B 

on, m. 

Nitrous acid, inactivation of B by, 118 

Nomenclature of vitamins, 4 

Norit, loO, IfiQ 

Normality, criteria of, 25^ 26 

Nuclear fecundation a junction of vita- 
mins, 181 

Nucle^ material, correlation of vitamin 
content with, 182 

Nuclear starvation, lack of vitamins a 
cause of, 181 

Nuclear ti^ues, content of B in, 82 

Nucleate, sodium, an ingredient of 
synthetic diets, 2 

Nucleic acid, 127, 182 

"Nucleus" of vitamins, 129 

Nutramine, 215 (footnote) 

Nutritive requirements of different 
8pecie«, 20, 21 

Nuts, content of vitamin A in, 24 



Oat kernel, nutritive deficiencies of, 
49, 51 

Oat kernel, proteins of, 47, 49, 51, 55 
Oatmeal, antineuritic value of, 215. 
Oat protein, amino acids of, 55 
Oat protein, biological value of, 47, 51 
Oedema, 169. 170. 171. 122 
Oedema, relation between adrenals and, 
171, 172 

Oexiema, relation between vitamins and, 

1G9. 17Q 

Oidiimi lactis, relation of vitamins to 

growth of, 31fl 
Oil meal, milk-producing value of, 2fi5 
Oils, vegetable, content of A in, 21 
Oleic acid, solubility of B in, 117 
Oleomargarine, 114^ 301, 302 
Oleomargarine compared with butter as 

a constituent of the diet, 114 

Oleomargarine, digestibility of, 301. 302 

Oleomargarine, vitamin content of, 67, 
3Q2 

"Oleo ofl," 71i 75, 301 
Oleo oil, vitamin content of, 71, 25 
Oleo-stearin, vitamin content of, 11 
Olive oil, solubility of B in, HI 
Onion, content of C in, 85, 8li 
Onion, content of B in, 81^ 1^ 
Optics, effect of lack of B on, 123 
Orange juice, antirachitic value of, 192 
Orange juice, antiscorbutic value for 

infants, 29S 
Orange juice, dried, antiscorbutic value 

of, 108, IQft 
Orange juice, effect of intravenous in- 
jections of, 226 
Orange juice, effect of storage on anti- 
scorbutic value of, 108. 1Q2 
Orange juice, enxyme action a factor in 
destruction of antiscorbutic power of, 
109 

Orange juice, minimum antiscorbutic 

dose for guinea pig, 232 
Orange juice, thermostability of C in, 

103. 104. 109. m 
Orange peel as source of B, 121 (footnote) 
Orang(», antiscorbutic value of, 83, 

229. 230. 232, 298 
Oranges, content of i4 in, 74, 192 
Oranges, content of B in, 82, 151. 121 

(footnote) 
Organic foodstuffs, ix, x 
"Oriflamma," 212 
Oridine, 125 

Orycinin, bacterial growth-stimulant in, 
160 
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Orypan, 211 
Oryzanin, 123^ 124 

Osteogcn^is in rata on diets deficient 
in il, IZQ 

Osteomalacia, acidosis a factor in, 123 
Ovary, efieGt of lack of B on, 171. 173^ 
174 

Ovary, storage of vitaminfl in, Ifil 
Oxidation a factor in the destruction of 
A, M 

Oxidation a factor in the destruction of 
C, 100. 103. 133, 285 
Oxidation a factor in the deterioration 
of heated milk, 285 

Oxidation processes, relation of anti- 

neuritic vitamin to, liH. 
Oxygen, deterioration of A in oil through 

contact with. 9Q 

"Paddy" rice, 212 

Palat&bility a factor in nutrition, 7 
Palm oU, destruction of A by steam, 92 
Pancreaa, content uf in, S2 
Pancreas, effect of lack of B on, 171^ 172 
Pancreatic extract, separation of B from, 
141, 142 

Pancreatic insufficiency, relation of vita- 
mins to, 172 
Pancreatic juice, stimulation of flow by, 

lae 

Pancreatic secretin, resemblance of B 

to, 1S6 
Paper pulp as roughage, 
Paralytic symptoms in polyneuritis, 

cause of, 122 
Pasteurization of milk, 277. 278, 2S2 
Pasteurization, effect on antiscorbutic 

value of milk, 284^ 285 
Pasteurized milk as infant food, 285 
Peanut butter as medium for administra- 
tion of vitamins, 148 
Peanut, content of A, in, 74 
Peanut meal, antineuritic value of, 215 
Pea protein, biological value of, 50, 51^ 52 
Pears, content of B in, ^ 121 (footnote) 
Peas, antineuritic value of, 77, 82, 215 
Peas, antiscorbutic value of, 232 
Peas as food for rats, 49, 5Q 
Peas, dried, content of B in, 77 
Peas, dried, thermostability of £ in, 05 
Peas, germinated, antiscorbutic value 
of, 84 

Peas, germinated, thermostability of C 

in, lOQ 

Peas, relation between color and content 
of vitamin A,2& 



Pectins interfering with extraction of A 

from plant tissues, 112 
Pellagra a communicable disease, 2^ 249 
PellAgrn, age of susceptibility to, 243 
Pellarga among Turks in Eg}'pt, 244, 257 
Pellagra, dietary hypothesis of, 242 and ff 
Pellagra-producing diets, 249 and ff 
Pellagra, etiology of, 120. 242 (footnote), 

245 (footnote), 242 and ff 
Pellagra, extent in U.S.A., 242 
Pellagra, feeding experiments in, 252, 

253, 254 

Pellagra, geographic distribution of, 242. 

Pellagra, medication as comparwl with 
dietary treatment for, 255 

Pellegra, periodicity of, 243 

Pellegra, relation of maize diet to, 242 
(footnote), 247, 252 

Pellagra, remedial diets for, 254, 255 

Pellegra, susceptibiUty of men and 
women, 243 

Pellagra, susceptibility of negroes and 
whites, 243 

Pellegra, symptoms of, 243 and ff 

Pellagra, vitamin deficiency a factor in, 
250, 256, 252 

Penieillium glaucum, relation of vita- 
mins to growth of, 315 

Peptone, bacterial growth stimulant in. 

Petroleum ether, solubility of A in, 112 

Philippine scouts, study of beribm 
among, 205 

Phosphates, effect on calcium metabo- 
lism in rickets, 65 

Phosphatides, 112 

Phosphoric acid in urine of beriberi 

patients, 211 
Phosphoric anhydride as indicator of 

vitamin efficiency of grains, 79, SQ 
Phosphorus deficiency cause of rachitic 

like condition, 65 
Phosphorxis compounds, association of 

B with, 131 
Phosphorus content of A , 114 
Phosphorus content of 132 
Phosphorus content of butter oil, 114 
Phosphorus content of caseinogen, 263 
Phosphorus content of centrifugcd but- 
ter fat, 114 
Phosphorus content of cereals a vitamin 

index, 132 
Phosphorus content of lactalbumin, 262 
Phoqihorus content of milk, effect of 

heat on, 283 
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Phosphorus, effect of cod liver oil on 
reteDtion of, 177. 178 

Phoephonis, in cereals, relation between 
vitaniia content and, 79, 8Q 

Phosphorus in milk, effect of vitamin- 
free diet on, 2Ii 

Phosphorus metabolism in beriberi, 211 

Phosphorus metabolism in scurvy, 22& 

Phosphonis metabolism, relation of vita- 
mins to, llfl 

Phosphorus, remedial value in rickets, 
64, ft5^ 199 

Physiological function of vitamins, ISl 
andff 

Pickling, antiscorbutic value of foods 

affected by, 9a 

Pigeons, feeding experiments with, 3, 7, 
14, 18, 96, 98, 102, 117, 12^ 125, 143 
(footnote), 147^ 150, 152, 158, 159, IGO, 
lfi2 (footnote), U)3, 172^ 179^ 184, 
204, 215 (footnote), Hii (footnote). 

Pigeons, vitamin requirements of, 165 

Pigment in butter fat, relation of vita- 
min content and, 67 

Pigment, yellow, in peas, Zfi 

Pigments, hypothesis of leuco com- 
pounds of, 2fi 

Pigments, plant, correlation with vita- 
min A content, 75 

Pilocarpine, 1^ 182, 1S3 

Pilocarpine, antineuritic properties of, 
128. 182 

Pine needles, cure of scurvy by decoction 
of, 211 

Pituitary, effect of lack of B on. 111 
Plant pigments, correlation with content 
of A, 76 

Plant structures, relative content of A 
in, Z2 

Plant structures, rektive content of B 

in, 85, 81, 82 
Plant tissues, complex of A existing in, 

m 

Plant tissues, content of B in, 80, 81^ 82 
Plant tissues, dried, as source of A, 
136. 137 

Plant tissues, extraction of A from, 111. 

112, 136 
Plants, hormones in, 1S6 
Plexus, Auerbach's, relation of vitamin 

deficiency to degeneration of, 311 
"Polished" rice, 212 
Polyneuritis, 13, 14 

Polyneuritis, cause of paralytic symp- 
toms in, 112 L 
Polyneuritis, chronic, 208, 209 



Pol>'neuritis, degeneration of sciatic 
nerve in, 15Q 

Polyneuritis, degeneration of motor cells 
of cord in, 130, lii3 

Polyneuritis developed on diets contain- 
ing excess of vitamins, IM 

Polyneuritis galliuaxiuni, 203 

Polyneuritis identical with beriberi, 203. 
2Q4 

Polyneuritis, respiratory quotient in, 

216 (footnote) 
Polyneuritis, symptoms in birds, 207, 

208 

Polyneuritis, symptoms in cats and dogs, 
2QS 

Polynevuitis, time of onset in birds, 205 
Potajisium hydroxide, alcoholic, effect 

on extract of A, 112j 113 
Potassium metabisulphite as preserva- 
tive for citrus fruit juices, liiS (foot- 
note) 

Potato, biological value of, 52, 52 
Potato, content of vitamin B in. 81. 82. 
96, 151 

Potato, dried, commercial, content of B, 

m 

Potato, mineral content of, 52, 53 
Potato peel, content of B in, ^il 
Potato supplemented by seeds, nutritive 

value of, 53 
Potato, thermostability of B in, 36 
Potatoes, antineuritic value of, 82, 151 
Potatoes, antiscorbutic value of, 85| 102, 

103, 135, 230, 2m 
Potatoes us antiscorbutic for infants, 2fl8 
Potatoes, content of A, 73, 15 
Potatoes, cooked, antiscorbutic value of, 

85. 102. 103 
Potatoes, effect of acid on stability of 

C in, 135 

Potatoes, effect of storing on antiscor- 
butic value of, 105 
Potatoes, sweet, content of A in, 75 
Potatoes, sweet, content of B in, 82 
Potatoes, sweet, thermostability of A 
in, 92 

Prairie dog, antiscorbutic requirement of, 
166. 22U 

Preservation of foods, effect on vitamin 

content, 99, 301 
Preservatives for C in citrus fruit Juices, 

103, 108 (footnote) 
Preserved food, commercial uselessneaa 

of data concerning, 89 
Properties, chemical, of B, 130, 131 
Properties of C, 132 
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Protein a factor in pellagra, 2SL and ff 

Prot<>in-free milk, 9, 10^ IL li^ 60, 6;^ 

02, liiL 266, 2fiZ 
Protcin-frce milk as source of B, 26fi 
Frotein-free milk, effect of heat on, 

Protein-free milk, nitrogen content of, 

60j 61, 62, 267^ 268 
Protein-free milk, preparation of, 60^ 

6L 62 

Ptotein-free milk, sulphur content of, 

Protein intake, influence on growth, 4Z 

Protein in the diet, relation between 
vitamins and, 173, 179, IfiQ 

Protein metabolism in scurvy, 21S 

Protein, numerical expression for growth- 
promoting value of, 5d 

Protein, requirement in diet, x 

Proteins, ix, x, xi, 126 

Proteins, biological value of, xi, 54, 
257. 258, 250. 2G4. 2G5. 266, 267 

Proteins, digestion of, x, xi 

Proteins in nutrition, x, xi 

Proteins, isolated, bacterial growth- 
8timulant»s in, IfiQ 

l*roteins, maximum efficiency of, 55 

Proteins, milk, 262 and ff 

Proteins of cereal grains, relative values 
of, 55 

Proteins, purified, nutritive value of, 6, 

Proteins, relative value in animal hus- 
bandry, 265 
Protein utilization in pellagra, 246 

Protea'ses, 262 

Prunes, content of B in, 82 

Prunes, content of C in, 83 

Pruritis, effect of yeast on, iill 

Pseuiio-betaine, 128 

Psoriasis, effoct of yeast on, 211 

Pulses in antiueuritic diet, 2SiA 

Pulses, thermostability of £ in, 26 

Purified protein as supplement to maize 
kernel, 4& 

Purine bases from rice, antineuritic 
properties of, 12Z 

Purine bases, synthesis of in organism, 
187 

Purines, 126 

Purines in the diet, 303 

Putrefaction, abnormal intestinal, in 
beriberi, 173 

PjTiniidiue bases, synthesis of in organ- 
ism, 18Z 

Pyrimidines, 1^ 12Z 



Pyrimidinee, antineuritic properties of, 

127, 128, 182 
Pyrimidinea, hydroxy, antineuritic pro- 
perties of, 127, 1^ 

Quantitative determination of anti- 
scorbutic vitamin, 23 
Quantitative separation of B and C, 122 
Quinine, antineuritic properties of, 127 

QuinoUnic acid, 128 

Rabbits, feeding exp>eriment8 with, 83, 

231. 258 (footnote) 
Rabbits, susceptibility to xerophthalmia 

of, 2M 

Rachitic diets, Mellanby's, 196, 197, 128 
Radium emanation, effect on B, OS 
Radiiun, similarity between effects of 

avitaminosis and, 183 
Raspberry juice, thermostability of C in, 

103 

Rat, antiscorbutic requirements of, 166, 
167 

Rat feeding, methods, ^ 21 
Rats, effect of deficiency of A on, 168, 
1£2 

Rats, experimental methods used with, 

21 and ff 
Rats, feeding experiments with, 3, 6, 7^ 

8,9,11,12,14,L5,18,;9,23,24,25, 
2L:IL1^4y,50,5L 53,54,55,58, 
64j65,72j77,ML9L93i9^98, 101^ 
113. 115. 117. 119, 120, 137, 142. 153. 
158. 159. 160. 163. 166, 168, 169^ 
121 (footnote), 174. 175. 177. 179. 
180, 210. 211, 236, 237, 238. 232 
Rats, life cycle of, 
Rats, polyneuritis in, 2QZ 
Rats, synthesis of C by, 166, 167, 221 
Rats, value for experimental purposes, 19 
Rats, vitamin requirement*} of, 165 
Reconstructed milk, 222 (See also En- 
riched milk) 
Reduction, effect on j4, 21 
Refining of oils, effect on vitamin con- 
tent, 71, m 
Rennin, 263 

Renovation of butter, effect on vitamin 

content of, Zl 
Reproduction, inadequacy of oat kernel 

for, 42 

Reproduction, influence of mineral con- 
tent on diet of, IS 

Reproduction, influence of potato diet 
on, 53 

Reproduction on diets deficient in ^, 16S 
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Reproduction on carotinoid-free diet, 115 
Reproduction on dried milk diet, 22Q 
Requirements of rats varying with age, 

vitamin, 175 
Resistance, lowering of on vitamin-de- 
ficient diet, 172. 173. 231 
Respiratory quotient, effect of B on, 187 
Ri'spiratory quotient in polyneuritia, 21fi 
(footnote) 

Rheumatic joints caused by lack of C, 
122 

Rhizopus nigricans, relation of vitamins 
to growth of, 315 

Ribs, eflect of lack of A on structure of, 
99. 169. HQ 

Rice, biological value of protein of, 258 

Rice bran, content of 5 in, 78 

Rice, change in chemical composition 
due to polishing, 212, 213 

Rice embn,'o, analysis of, 212 (footnote) 

Rice embryo, separation of B from, 
213 (footnote) 

Rice germ, antineuritic value of, S2 

Rice grain, antineuritic and growth- 
promoting power compared, 154 

Rice grain, structure of, 212 

Rice, "paddy," 212 

Rice, "polished," 78, 212 

Rice, polished, a factor in beriberi, 2QA 
and £f 

Rice, polished, nutritive deficiencies of, 

15^ 48, 213, 25S 
Rice, polished, starvation on diet of, IM 
Rice polishingB, antineuritic value of, 

215 

Rice poiishings, effect of acid hydrolysis 

on, m iifl 

Rice poiishings, effect of sodium hydrox- 
ide on B in, llfl 

Rice poiishings, extract of antineuritic, 
205 

Rice poiishings, extraction of B by 

alcohol from, llfi 
Rice poiishings, isolation of B from, 121, 

122. 125 
Rice protein, amino acids of, 55 
Rice starch in basal diets, 52 
Rice, thermostability of £ in, 95 
Rice toxin, 15, 210, 211 
Rice, unhusked, antineuritic value of, 150 
Rice, unmilled, thermostability of B in, 

94, 15a 
Rickets, 168, 120 

Ricketo, acidosis a factor in, 193, IM 
Rickets, beneficial effects of exercise in, 

196. las 



Rickets, calcium deficiency a factor in, 

193. 195. 197. 129 
Rickets, conditions predisposing to, 198, 

199. 2QQ 

Rickets, deficient internal secretion, a 

factor in, ]Si3. 
Ricketfl, domestication theory of, 195, 

199. 2QQ 

Rickets, effect of phosphates and lime 

salts on. 04, S5 
Rickets, etiology of, 193, 194, 195, 196i 

109. 2QQ 

Rickets, fat deficiency a factor in, 194, 
Ififi (footnote), laa 

Rickets, geographic distribution of, 192 

Rickets, heredity and, 1S3 

Rickets, infection theory of, 193 

Rickets, influence of phosphorus de- 
ficiency on, 65 

Rickets, relation to breast-feeding, 193 

Rickets, sevcriil types of, 

Rickets, similar condition produced by 
phosphorus deficiency, 65 

Rickets, social and economic factors in, 
195 

Rickets, symptoms of, ISO and ff 
Rickets, treatment by Vitaphos, 148 
Rickets, vitamin A &a & factor in, 194 

(footnote) Iflfi (footnote), 198, I9a 
Rind oil as preservative for orange and 

lemon juice, 103. 108 (footnote) 
Roiled oats in the diet, 51, 52 
Roots and tubers, variation in content 

of A, 25 
Roots, colored, content of A in, 25 
Roots, colorless, content of A in, 25 
Roots, content of -4 in, 73 
Roots, content of C in, ii5 
Roots, thermostability of A in, £2 
Roufihage, 22, 23, 103 
Rutabaga, content of B in, 82 
Rye, antineuritic value of, 215 
Rye protein in the diet, 61, 52 
Rye protein, nutritive value of, 55 

Saccharomycetis as test for B, 35 
Salivary glands, stimulation by vitamins, 
184 

Salt content of human and cow's milk 

compared, 2liS 
Salted meat, antineuritic value of, 92 
Salt mixtxires, 59 and fif 
Salts, mineral, ix, x 
iSanctorius, 1 

Sanitation a predominating factor in 
pellagra, 248, 213 
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Saponification, effect on extract of A, 112 
Saponification of oils, effect on A, 112. 

m 

Saponified butter-fat, extraction of A 
from, ill 

Scalded milk, antiscorbutic value of, IDS 

Sciatic nerve, degeneration in poly- 
neuritLs, InQ 

Sclerotinia cinerea, relation of vitamins 
to development of, 215 

Scorbutic legions, relation of A to, 
22& (footnote) 

Scurvy and beriberi, clinical link be- 
tween, 218, 219, 220 

Scurvy, bacterial origin of, 224, 225 

Scurvy, chronic, poisoning a factor in, 
223 

Scurvy, constipation a factor in, 226. 221 
Scurvy due to overcooking of vegetable 

food, a factor in, 3Qfi 
Scurvy, etiology of, 223 and ff 
Scurvy grass, 2112 

Scurvy, guinea-pig, symptoms of, 221. 
222. 223 

Scurvy in children on diet for tuber- 
culosis, 232 
Scurvy, infantile, symptoms of, 219, 220 
Scurvy, lateut, in children, 219, 22Q 
Scurvy, relation between calcium meta- 
bolism and, 22& 
Scurvy, secondary factors in infantile, 

Scurvy, susceptibility of different species 

f to, 220, 221 

Scurvy, symptoms of in adults, 217, 218. 
219 

Scurvy, treatment in 18th century, 229, 
23Q 

Scutellum of com, B in, IS 

Seal liver, antiscorbutic value of, 23Q 

Seasonal variabihty of experimental 

animals, iil 
Seasonal variation in vitamin-content 

of milk, 27G, 221 
Secretin, 185, ihli 

Seed and leaf mixtures, biological value 
of, 52 

Seed and tuber mixtiu'cs, biological 

value of, 53 
Seed, distribution of B within, 78^ Zfl 
Seed proteins, biological value of, 50. 

61, 62, 53 
Seeds, content of A in, 73, 74, Z5 
Seeds, content of B in, ZZ and ff 
Seeds, dry, content of A in, 22 
Seeds, dry, content of C in, 83 



Seeds, germinating, antiscorbutic value 

of. 8^ M 
Seeds, inorganic salts in, 52 
Seeds, thermostability of J5 in, 94, 95, M 
Selection of breeding stock, 2S, 29 
Separation of antineuritic and anti> 

scorbutic factors, 132 
Separation of antineuritic and growth- 
promoting factors, 153, 154. 159. IfiQ 
Separation of B from rice germ, method 

of 6awamura, 213 (footnote) 
Septicaemia, relation between lack of 
vitamins and susceptibility to» 172 
Seroglobulin, 2M 

Sexual organs, effect of lack of vitanuns 

on, 124 (See also Testicles and Ovary) 
Silica poisoning a cause of pellagra, 2^ 
SUver skin, 204, 212 
Siie of seeds and content of A, relation 

between, 25 
Skin, atrophic disorders due to lack^of 

vitamins, 309 
Social and economic factors in causation 

of rickets, 195 
Soda biiiJcuits, nutritive properties as 

compared with bread, 12Q 
Soda, effect on il in oils, 90, 112 
Soda, effect on B in navy beans, 9& 
Sodium bicarbonate, effect on S in 

cabbage, 12Q 
' Sodium bicarbonate, effect on B in 

navy bcAns, 120 
Sodium hydroxide, effect on B in yeast, 

12Q 

Sodium hydroxide, effect on C, 133 
Sodium hydroxide, effect on B, 119 
Solubility of A, 111 and ff 
Solubility of J?, 115 and ff 
Soy bean, content of B in. 77. 81 
Soy beans, thermostability of B in, 98 
Soy bean, wheat ilour as supplement to, 
22 

Spermatogenesis, effect of lack of vita- 
mins on, 12i 
Spinach, content of vitamin A in, 72, 73, 

136. 137 
Spinach, content of B in, 81 
Spinach, content of C in, S5 
Spinal cord, content of B in, 14^ 152 
Spinal cord, occurrence and function of 

vitamin in, 182 
Spinal cord, condition of motor cells in 

polyneuritis, 183 
Spinal cord, growth-promoting value of, 
14 

Spleen, effect of lack of A on, lfi9 
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Bpleen, effect of lack of B on, ITlj 123 
Spleen, storage of vitamins in, IM 
Spray process for dr>'ing of milk, 287. 
2ftl 

Sprouted seeds, antiscorbutic value of, 

83, 84, 232 
Spruce beer, antiscorbutic value of, 84 
Squash, thermostability of A in, fl2 
Stabilizer of vitamins, 129 
Standardization of methods of vitamin 

r^^arch, M 
Standardization of vitamin dosaiK^, 131 
Starch as supplement to milk, 270, 211 
Starch in basal diets, SL 
Starch, relation between vitamins and, 

173 

Starvation on rice diet, IM 

Stasis, intestinal, relation of vitamin de- 
ficiency to, 172, 311 

Stasis, venous, relation to oedema of, 172 

Steam, destruction of ^ in palm oil by, 
^ 

Sterility, lack of vitamins a factor in, 

m 

Sterilization of foods without loss of 

antiBcorbutic value, 103. 104 
Sterilization of milk, 278, 27ft 
Sterilized cereals, feeding experiments 

with fowls on, 208 
Sterilized diet, effect on human beings 

of, 203, 201 
Sterilized foods, content of B in, OS 
Stinuilarits of gastric secretion, 6^ Z 
Stomach, effect of lack of 'B on. 111 
Stomach, effect of lack of vitamins on, 

171, m 

Storage, effect on antiscorbutic value of 

ctibbage, 105, IQQ 
Storage, effect on antiscorbutic value of 

carrots, IQ5. 
Storape, effect on antiscorbutic value of 

dandelion leaves, 105 
Storage, effect on antiscorbutic value of 

foods, 105 
Storape, effect on antiscorbutic value of 

potatoes, 10.1 
Storage influence of on vitamin content 

of butter, 24 
Storage of vitamins in animal body, 58. 

164. 167. IfiS 
Streptococci, growth-stimulant for, IfiQ 
Strinp beans, variation in antiscorbutic 

value of, 84 
Structure of vitamin A, 112 
Structure of vitamin B, 128 (footnote), 

129 



Subcutaneous administration of vita- 
mins, IBA. 

Sugar an ingre<iient of experimental 

dieU, 6, S, 10, 14 
Sugar beet, content of ^4 in, 23 
Sugar cane products a factor in pellagra, 

247 

Sugar in blood, predisposition to beri- 
beri caused by excess of, 202 
Sulphur a constituent of B, 132 
Sulphxir in lactalbumin, 203 
Sulphur in proteiu-free milk, 2fi8 
Sulphuric acid, inactivation of B by, IIS 
Summary of physiological function of 

vitamins, ISS 
Sunlight a factor in onset of pellagra, 24Z 
Sunlight, remedial effect in rickets, IflS 
Susceptibility of scorbutic animals to 

infection, 219 
Susceptibility to infection, effect of lack 

of vitamins on, 172. 113 
Susto, 149 

Sweat glands, stimulation by vitamins, 
184 

Swedish turnip, content of C in. 85. 
232 

Swedish turnip juice, thermostability of 

C in, mi 
Sweetwort, antiscorbutic value of, 84 
Swine, feeding experiments with, 25, 47, 

48, 70. 194 (footnote), 221, 2fi5 
Swine, nutritive requirements compared 

with those of rats, 2Q 
Swine, polyneuritis in, 2QZ 
Swine, Rcurxn* in, 221 
Symptoms of beriberi, 206, 202 
Symptoms of deficiency of A , liil and ff 
Symptoms of deficiency of B, 120 and ff 
Symptoms of deficiency of C, 177. 128 
Symptoms of guinea-pig scurvy, 221, 

222. 223 

Symptoms of pellagra, 243 and ff 
Symptoms of polyneuritis in birds, 202 
Symptoms of polyneuritis in cats, 2S3& 

Symptoms of polyneuritis in dogs, 208 
Symptoms of rickets, UiQ and ff 
Symptoms of scurvy in adults, 217. 218, 
219 

Synthesis of vitamins, 77i IMi 166, 167, 
31fi 

Synthesis of B by bacteria, 160, 161 
Synthesis of B by yeast, 43, 314, 315 
Synthesis of C by chickens, 221 
Synthesis of C by rata, 100, 221 
Synthetic diets, 2, 6 and ff 
Syphilis, relation of rickets to, 193 
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Tablets, vitamin, 142 
Tadpoles, vitamin requirement of, 
Technique of vitamin testfl, 25^ 33 
Teeth, effect of vitamins on calcifica- 

tion of. 177, m 
Temperature conditions, regulation of in 

feeding cxprrimontft, 22, 23 
Temperature, influence on destruction 

of B in cabbage, 99, IDQ 
Temperature measurements, errors in, 90. 
Temperature, relation between rate of 

destructive of C and, 1S5 
Testes, degeneration on vitamin-free 

diet, lfi2 (footnote), 169^ 114 
Testicles, effect ol lack of B on, 171, 173, 

UA 

Testicles, storage of vitamins in, IM 
Tests for li, color, 131 
Test for C, 135 

Tethelin, antineuritic properties of, 128, 
1S2 

Tetrahydroxy pyridine, 128 
Theory of vitamin action, 139, 130 
Thermostability of -A, ^ lii 
Thermostability of antineuritic and 

growth-promoting factor compared, 

IM and ff 
Thermostabihty of B, M and ff 
Thermostabilitv of B in presence of 

alkalis, 119.' m 
Tliennostability of C, 133 
Thermostability of C in absence of 

oxidizing agents, 133 
Thermastability of C in milk, 2S4, 285 
Thermostability of C in orange juice, 

133 

Thermostability of vitamin C in presence 

of acids, 134, 135 
Thermostability of C in presence of 

alkalis, 134 
Th\Tnin, 123, 127 
Tliymus, content of B in, 82 
Thymus, effect of Uck of B on, 171^ 123 
Thymus, concentration of B from, 138. 

132 

Thymus, storage of vitamins in, IM 
Thymus, vitamin content of, 182 
Thyroid, desiccated, antineuritic pro- 
perties of, 128 
Thyroid, effect of hick of B on, 171, 113 
Th>Toid, efFect of lack of C on, 177 
Thyroid, couceutrutiou of B from, 13fl 
Thyroxin, antineuritic properties of, 
128, 1S2 

Time ciu^ of destruction of C in tomato 
juice, 1(^ 



TikiUki extract, 235 
Timothy, content of j4 in, 72^ 73, 136, 137 
Timothy, content of B in, M 
Timothy, dried, as source of A, 131 
Tissues, effect of lack of A on, 167, 169 
Tissues, effect of lack of B on. 111 and ff 
Tissues, effect of lark of C on, 121 
Tissues, mui»cular, effect of lack of vita- 
mins on, 122 
Tissues of poljoieuritic birds as source of 

antineuritic, IS3. 
Tonnato, antiscorbutic value of, 83^ 232 
Tomato as antiscorbutic for infants, 2^ 
Tomato, content of B in, SI 
Tomato, cooked, antiscorbutic value of, 
IQl 

Tomato, dried, as source of A, 13fi 
Tomatoes, canned, antineuritic value of, 
IQl 

Tomatoes, canned, antiscorbutic value 
of, im. 

Tomatoes, canned, vitamin content of, 
1Q2 

Tomatoes, content of A in, 2i 
Tomatoes, dried, as source of C, 108 
Tomatoes, fresh, dosage for protection 

against scurvy, 101 
Tomatoes, thermostability of B in, 
Tomatoes, thermostability of C in, 101. 

1Q2 

Tomato juice, canned, use in infant feed- 
ing, 1112 

Tomato juice, dried, antiscorbutic value 

of, 102 

Tomato juice, thermostability of C in- 
fluenced by hydrogenation concentra- 
tion, 102 (footnote) 

Tomato-seed, content of A in, 23 (foot- 
note) 

Tooth defects due to lack of vitamins, 

178, 222 

Tooth defects m scurvy, 217, 218j 222, 

223 

Tooth defects, relation of vitamins to, 
309 

Tooth-formation and vitamin supply, 

relation between 177. 178 
Torulin, 122 

Toxicity of common foodstuffs, 32 
Toxicity of cotton seed, 32 
Toxicity of magnesium, 32 
Toxicity of peaa, ^ 
Toxicity of rice, 15, 210, 211 
Toxicity of wheat embrj o, 48 
Toxin a factor in pellagra, 258 (footnote) 
Toxin, beriberi, 210, 211 
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Toxinjs in yeast test for B, 3S 
Trihydroxy pyridines, antineuritic prop- 
erties of, 1^ 
Triolein au ingredient of synthetic diets, 
8 

Tripalmitin an ingredient of synthetic 
diets, g 

Tristearin an ingredient of synthetic 
diets, & 

Trophic exchanges, rcgiUation by vita- 
mins, 102 footnote) 
TrumiUc, 28Z 

Tryptophane, xi, 64, 55j 25S, 2o9 

Tuberculosis a result of vitamin defi- 
ciency, 31Q 

Tuberculosis, influence of lack of vita- 
mins on misreptibility to, 122 

TuberculodLs, pellagra in patients on 
diet for, 2fiQ 

Tuberculosis, scurvy in children on diet 
for, 232 

Tubers, amino acids in, M. 

Tubers, and roots, variation in content 
of A, 25 

Tubers and seed mixtures, biological 

value of, 5^ 
Tubers, biolopjcal value of, 62, 52 
Tubers, content of il, 23 
Tubers, mineral content of, 62, 53 
Tumors, relation of vitamins to, 181, 

309 (fo<itnote) 
Tumors, vitamin content of, 182 
Turnip, content of B in. 81. 82 
Turnip, content of 0 in, 85i 221^ 232 
Turnip juice as source of C for infant 

feeding, 290, 29S, 299 
Turnip juice, Swedish, thermostability 

of C in, m. 
Turnip, Swedish, thermostability of C 

in, IQl 

Turtle soup, antiscorbutic value of, 8S 
Typhoid bacillus, vitamin content of, 
317 

Tyrosine as supplement to lactalbumin, 

267, 2m 

Ultraviolet rays, effect on .4 , 91 
Unbalanced diet a factor in pellagra, 257 
Unbalanced diets, vitamin requirement 

on, 252 
University cream, 296 
Unpalatability of sjiathetic diets, 2 
Uracil, 123, 122 

Urea in blood, effect of lack of B on. Hi 
Urea in milk, 21i2 
Uric acid in milk, 262 



Uric acid reagent, Lil 
Urethritis, effect of yeast on, 311 

Urticaria, effect of yeast on, 311 
Utilization of nitrogen, effect of lack of 
vitamins on, 18Q 

Valine, xi, 125 

Variability of B in tissues of the same 

type, 82 
Variability of experimental animals, 27, 

2S, 29, 3Q. 31 
Variation in development of children, 

cause of, 299 
Variation in nutritive value of vegetables 

with age, 101 
Variation in vitamin requirements of 

individuals, 30, 31, 68 
Variation of vitamin requirements with 

age, 125 
Vasoconstriction, 123 
Vasodilation, 174 

Vasomotor disturbances, lack of vitamins 

a factor in, 12i 
Vegetable as compared with animal 

protein, biological value of, 258 
Vegetable fats, antirachitic value of, 

197, 198 

Vegetable fats and oils, content of A 
in, 21 

Vegetable foods as source of vitamins in 

the diet, 304, Mi. 
Vegetable oils, 12 

Vegetable oils, effect of hydrogenation 

on vitamin content of, 113 
Vegetal)le oils, processed, investigations 
of, 114 

Vegetables, antiscorbutic value of, 84^ 

Vegetable soup as milk diluent in infant 

feeding, 29li 
Vegetables, scurvy developing on a diet 

containing, S6 
Vegetables, variation in nutritive value 

with age, IQl 
Velvet bean, Georgia, content of A in, 

73, 7A (footnote) 
Velvet bean, Georgia, content of £ in, 21 

(footnote) 

Velvet bean, Georgia, thermostability of 
il in, S2 

Venous stasis, relation to oedema of, 172 
Vitamin .-1 in fatB, distribution of, 

and ff 
Vitamin ^4 in leaf, 52 
Vitamin A in infant feeding, sources of, 

29& 
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Yitamin A, requirement of in human 

nutrition, 198 
Vitamin A, structure of, 112 
Vitamin A, synthesis by plants, 77 
Vitamin actitm, theory of, 129^ 120 
Vitamin B, color tcnis for, 131 
Vitamia B, dtsooveiy of, 15 
VttBmia J?, dktrilratibB inthin ned, 

78, 79 

Vitamin R, effect in infant feediniu;, 296 
Vitamin B in footktufla, 77 and fl 
Yltemiii B, relative aaiounte m plant 

tissues, 80, 81 
Vitamin £, ^mptamB of deficiency of, 

170 and ir 
Vitamin B, variability of in tiMUet of 

the same type, 81, 82 
Yitamin-chooolate, 148 
Vitamin content, eonelfttioa nith luno- 

tion, 71, 75 
Vitamin D, 159, 314 
Titemin D, eepaiation from autolyied 

yeast, 150, 160 
Vitamin deficiency in children, symp- 

tomi of, 262 
Vitamin hyiwthesis of Funk, 13, 16 
Vitamin index, 80, 162 (footnote) 
Vitamin, nomenclature, 3, 4, 13 
Vitamin requirements for maintenanoe 

and growth, 162, KVi 
Vitamin requirements of adults, 300 
Vitamin requirameoto of different qieoiee 

165, V-t' 

Vitamin requirementa of pieeooe, 165 
Vitamin Mquinmenta of rata, 185 
Vitamin requiMmoite, vanation in, 30^ 

31, 32 

Vitamin r^earch, criticism of, 34 
Vitamin reserve in infants, 299 
Vitamin tosts, technique of, 25, 33 
Vitamin theory, historical development 
of, 6 

Vitamins, chemical structure of, 129 
Vitamins, pharmacological action of, 

129, 130 
Vitamon, 149 
Vitaphos, 147 
Viteilin, 264 

Walnut, content of j1 in, 74 
War amenorrhea, 174 
Water in diet, iz 
Water, loss from the body, iz 

WatCT, fxilubility of A in, 112 
Water, aolubiiity of B in, llo, 153 
WatareotuUe C, 10 



Water-eoitible vitamin, 4, 15, 10 
Waxes extracted from plant leaVM 1^ 

solvents, 111 
Waxes in plant extracts interfering in 

feeding experimanta, 111 
WeakneM of women, effeet of on, 

SU 

Wet beriberi, 200, 207 

Whale oil, thermoetabihty of A in, 90 

^Tiale oil, vitamin cnntont of, 68 
Wheat, biological aaulysis of, 46, 47 
Wheat bran, content of B in, 78^ 83 
Wheat, content of B in, 77, 215 
Wheat embryo, antineuritic and growth- 
promoting power eompond, 166 
Wheat embryo, nutrifive value of, 48 
Wheat embryo, protein of, 48 
Wheat embryo, thermoetabihty of B ia, 
95 

Wheat embrj'o, toxicity of, 48 
Wheat endosperm, content of B in, 150 
Wheat flour, white, defideaoy in B, TO 
Wheut pfiTm, antineiiiitio value of, 77* 

82, 215 

Wheat germ, eHect of aediniw hydtwddie 

on B in, 119 
Wheat germ, extraction of B from, 117 
Wheat, hi^ily milled, a factor in etiology 

of beriberi, 204 
Wheat, milk-producing value of, 365 
Wheat, milUng of, 214 
Wheat, nutritive value of, 15 
Wheat protein, bidogjeal value of, 47, 

49, 51, 55 

Wheat protein, relation of intake to 

Wheat, toxicity of, 32, 48 

Whey, 263 

Whey, effect of heat on, 380 
Whey protriii^ 262 
Whey, thermostability of B in, 97 
White flour, deficiency of, 214 
Wliitc rice, nulling of, 212 
Whole wheat, tcudoit^ of, 33 

Xanthophyll, 112 
Xanthophyll in pork liver, 77 
Xerophthahnia, 168 

Xerophthalmia, etiology of, 237, 288^ 280 
Xerophthalmia, taetora influendngi 340^ 
241 

Xerophthahnia in calves, 165, 167 
Xerophthalmia m children, 235, 236 
Xerophthahnia in rata, 31, leis, 160, 

237, and ff 
Xerophthahnia, pathokigy of, 284 
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Xerophthalmia, resistaace of mature 

Xerophthalmk, tpttSm MNMIltibfe tO| 

234, 235 

Xerophthalmia, syxnptomB of, 234, 235 
Xerophthalmia, treatment for, 235, 2M 
Xerophthfllmt'fi, two forms of, 238 
X rays, similarity between effects of 
•▼ftemiiieaii and, 188 

Yeast, antmeuritio value of, 14, 77, 

315,916,808 
Teasf, antincuritic and growtb-praaiot" 

iug power compared, 152 
Yeast, antirachitic value of, 196 
Teast as addition to food, 148, 305 
Teast as exire for xerophthalmia, 238, 239 
Yeast, autolyzed, antineuritio value of, 

77 

Yen.st, nutoIyze<:l, btotariil powtil* 

Stimulant in, 160 
Teast, MiU^sed, effeet ol dT:> ii]g on 

vitamin from, 96 
Yeast compared with milk M source of 
2G9 

Yetat aompared with protein*&m nflk 

as supplement to diet, 2C6 
Yaast, dried, as source of 81 



Yeasty effect of alkali on £ in, 120 
Yeaat) cHeet of nidiam amaaation on B 

in. 98 

Yeast, growtl^promoting factor in, 152 
158 

Yeast, L«iolatioii of B from, IS8, 128, 128, 

12G, 127 

Yeast, pressed, content of £ in, 77, 82 
Yaaat, pioocaa for inenaaiBg odOjiUly of , 

143 

Yeast, proliferation of, 313 Cfootnote) 
Yaaat atjimilamt aa distinot fron Bf 

159, 160 

Yeast, stimulant for invertaae activity 

of, 160 (footnote) 
Y^st, stimulation by vit nniin.-, 31 1, 315 
Yenft test for B, 35 and ff, I JO, 151, 159 
Yeast test for B, comparison with rat 

taata, 80, 41, 42 
Yeast test for UtamiD C m oonfnaing 

factor in, 30 
Yeast, thennoalaUlity of B in, 08 
Yeast, vitamin requirements of aerobic 

andanaerobio vanetiea oomparadt 187 

Zein, 258 

Zein, h.irtrrial 2T0\vth-«tiraulant in, 180 
Zone distribution of pellagra, 248, 3tf 



Digitized by Google 



LITERATURE OF THE 
CHEMICAL INDUSTRIES 



On our shelves is the most complete stock of 
technical, industrial, engineering and sdentific 
bodmmtlie United States. The tedu^ IHei^ 
atuie of eveiy trade is well represented, as is 
also the literature relating to the various 
scienoes, both the books useful for refereooe as 
wdSL as those fitted for students' use as textbooks. 

A large number of these we puhlisli imtl for aii 
ever increasing number we aie the sole agents. 



ALL INQUIRIES MADE OF UB ARE CHEBR- 

FT'LLY AND CAREFULLY ANSWERED 
AND COMPLETE CATALOGS AS WELL AS 
SPECIAL LISTS SENT FREE ON REQUEST 



D. VAN NOSTRAND COMPANY 
PvhUsbers and Booksdim 

8 WARllEN STREET NEW YORK 



Digitized by Google 




6 



Digitized by Google 



